AO-A036  560 


unclassified 


PACIFIC  NORTHWEST  RIVER  BASINS  COMMISSION  VANCOUVER  WASH  F/B  R/6 
COLUMBIA-NORTH  PACIFIC  RE610N  COMPREHENSIVE  FRaKoRk  STUDY  OF  -5eTC(U) 
XT  70  B R BELL*  0 W BRUTON*  R B LAMBERT 


A0AO365GO 


Columbia -North  Pacific  Region 


Comprehensive  Framework  Study 

of  Water  and  Related  Lands 


- A 


P P E N D I X 


SUBMITTED  BY 

PACIFIC  NORTHWEST  RIVER  BASINS  COMMISSION 
1 COLUMBIA  RIVER,  VANCOUVER,  WASHINGTON 

OCTOBER  1970 


r 


/ 


This  appendix  is  one  of  a series  making  up  the  complete 
Columbia-North  Pacific  Region  Framework  Study  on  water  and 
related  lands.  The  results  of  the  study  are  contained  in  the 
several  documents  as  shown  below: 


Main  Report  Summary  Report 

Appendices 


1 . 

History  of  Study 

11. 

The  Region 

III. 

Legal  5 Administrative 
Background 

IV. 

Land  5 Mineral  Resources 

V. 

Water  Resources 

VI. 

Economic  Base  § 
Projections 

VII. 

Flood  Control 

VIII. 

Land  Measures  § Watershed 
Protection 

IX. 

Irrigation 

X. 

Navigation 

XI . 

Municipal  5 Indus- 
trial Water  Supply 

XII . 

Water  Quality  § 

Pollution  Control 

XIII. 

Recreation 

XIV. 

Fish  t Wildlife 

XV. 

Electric  Power 

XVI . 

Comprehensive  Frame- 
work Plans 

Pacific  Northwest  River  Basins  Commission 
1 Columbia  River 
Vancouver,  Washington 


Electric  Power 


APPENDIX  XV 


Columbia-North  Pacific  Region 
Comprehensive  Framework  Study 

of  Water  and  Related  Lands.  Appendix  'XST. 
Electric  Power, 


George  R. /Bell,  Orval  W 
G. /Lambert,  Rid 
/Mittelstadt  Chester  eJ 


Prepared  by 

Columbia-North  Pacific  Technical  Staff 
Pacific  Northwest  River.  Basins  Commission 
Vancouver,  Washington 


Appto>v«d  fcs  public  r^ease; 
Distribution  Unlimited 


APPENDIX  XV 
Electric  Power 


Prepared  under  the  direction  of  the 
Columbia-North  Pacific  Technical  Staff 
by  tbe 

Electric  Power  Studies  Committee 
Chester  E.  Mohler,  Coordinator 


Department  of  the  Army 

Montana 

OaviJ  J.  Lewis,  Corps 

W.  H.  Blankmeyer 

Federal  Power  Commission 

Oregon 

Cordon  N.  Boyer 

.1.  F.  Engle 

Department  of  the  Interior 

Washington 

Francis  M.  Wamick,  BR 

Fred  Hahn 

Idaho 

Wyoming 

Ralph  J . Mel lin 

Ronald  J.  Tangeman 

Principal  Authors' 

George  R . Bell 

Federal  Power  Commission 


Orval  W.  Bruton 
Corps  of  Engineers 

Russell  G.  Lambert 
Corps  of  Engineers 


Richard  L.  Mittelstadt 
Corps  of  Engineers 

Chester  E.  Mohler 
Bonneville  Power 
Administration 


Chester  M.  Moore 
Bonneville  Power 
Admi ni St  rat  ion 

Edward  F.  Weitzel 
Bonneville  Power 
Administration 


Contribution 

United  States  Electric 
Power  Requirements  - 
Present  and  Future 
Fossil  Fuel  Plants 
Nuclear  Plants 

Pumped  Storage 
Generation 

Hydroelectric  Resources 
Staging  of  Hydropower 
Development 

Mater  Requirements  and 
Management 
Needs  for  Power 

Introduction 
Present  Situation 
(resources 

Site  Selection  of  Thermal 
Electric  Plants 

Pacific  Northwest  Electric 
Power  Requirements  - 
Present  and  Future 

Projected  Transmission 
Facilities 


This  appendix  to  the  Columbia-North  Pacific  Region 
Framework  Report  was  prepared  at  field  level  under  the  auspices  of 
the  Pacific  Northwest  River  Basins  Commission.  It  is  subject  to 
review  by  the  interested  Federal  agencies  at  the  departmental  level, 
by  the  Governors  of  the  affected  States,  and  by  the  Water  Resources 
Council  prior  to  its  transmittal  to  the  President  of  the  United  States 
for  his  review  and  ultimate  transmittal  to  the  Congress  for  its 
consideration. 


Photography  Credits 


Ocean  Scene 
Forest  Scene 
Desert  Scene 
Mountain  Scene 


Oregon  State  Highway  Department 
Forest  Service 

Oregon  State  Highway  Department 

Idaho  Department  of  Commerce  5 Development 


CONTr.NTS 


Am-.NDIX  XV 
i.i.iicruic  powiiR 

Page  No. 

Tables iii 

I'igures v 

INTROiniCTION 1 

Backgrouiul 2 

The  Private  Utilities 2 

The  Municipal  Systems 3 

The  (Cooperative  Systems 4 

Federal  Power  Development 4 

Non- Federal  Public  Agencies 6 

PRESFNT  SITUATION 7 

Present  F. lectric  Power  Recpii rements 7 

United  States 7 

Pacific  Northwest 9 

Annual  Energy  Loads  9 

Monthly  Peak  and  Energy  Loads 14 

Total  Regional  lilectric  Loails 14 

Hourly  Loads  for  Tv'pical  IVeeks 26 

Existing  Electric  Power  Resources  19 

Existing  Transmission  I'acilities 24 

Coordinated  System  Operation 27 

The  Northwest  Power  Pool 27 

Western  S> stems  Coordinating  Council  29 

Columbia  River  Treaty 30 

Pacific  Northwest -Pac  i fi  c Soutliwest  Intertie  ...  31 

Pacific  Northwest  Coordination  Agreement  31 

The  Hydro-Thermal  Program  34 

FUTURE.  ELECTRIC  POWER  REQUIREMENTS 37 

United  States  Requirements 37 

Pacific  Northwest  Requirements 38 

Basic  Assumptions 38 

Energy  Loads  by  Consumer  Classifications  39 

Losses  and  Annual  Load  Factors 41 

Total  Annual  and  Monthly  i.oads 42 

FUTURE  ELECTRIC  POWER  RliSOURCES  DEVELOPMENT 4.S 

Electric  Power  Resources 45 

Hydroelectric  Resources 45 

Inventory  of  Potential  Projects  46 

Reservoir  Storage  81 

Peaking  Installations  83 

Pumped  Storage 85 


CONir.NTS 


Page  N’o. 

Foss  i J -Fuel  Plants lO.S 

Modern  Plant  (Characteristics 103 

I’roduction  F.xpcnso 106 

Phmt  l.ocation 107 

Cooling  IVatcr 107 

Air  Pollution 108 

Asli  Disposal 109 

Type  oT  Plant 109 

Fuel  Costs Ill 

Nviclear  Plants Ill 

Present  Status 112 

ICconomics  of  Nuclear  Generation 112 

Nuclear  Safety 116 

Other  Fconomic  Factors 119 

Power  F.xchanges  and  Imports 120 

Canadian  Ircaty  Power  121 

lixchange  of  Power  with  the  Pacific 

Southwest 122 

exchange  of  Power  with  British  (Columliia  . . 123 

exchange  of  Power  with  the  Missouri  Hiver 

Basin 124 

exchange  of  Power  with  Utah  Power  f|  Tight 

Company 124 

e.xotic  Generation  Sources 124 

Staging  of  lilectric  Power  Development 126 

Resources  to  Meet  Toad  in  1980,  2000,  and  2020  . 127 

Projects  for  Base  l.oad 127 

Peaking  Units  128 

Pumped  Storage 129 

Generating  Reserves  132 

System  Coordination  133 

System  Performance  134 

Hydroelectric  Resource  Analysis  134 

Independent  Hydroelectric  Resources  ....  135 

The  Critical  Period 135 

Monthly  Operation  During  Critical  Period.  . 136 

Monthly  Operation  with  Tong-Term 

Stre.amflows 137 

Thermal  Base  l.oad  Plant  Operation 138 

Peaking  Plant  Operation  158 

Monthly  Operation  in  a Weekly  Toad  Cycle.  . 138 

Summary  of  Resources  139 

Projected  Transmission  Facilities  141 

Tand  Rec)ui  rements 143 

Research  and  Development  146 

Voltage  I.evels  above  500-Kilovolts 146 

Undergrouml  Cable 146 


CONTliN'lS 


P;tge  No. 

lU  rect  (.'urront  I'ransnii  ss  i on 146 

Supercoiuluct  inp  Transmission 146 

r.ffects  on  Thermal  Plant  l.ocation 148 

Site  Selection  of  Thermal  lilectric  I’lants 149 

Site  l.ocation  Tactors 150 

Transmission 150 

Heat  Dissipation 150 

Salt  IVater  Systems 152 

Alternative  Cooling  Methods 152 

Tliermal  Plant  l.ocation 154 

Assumptions  for  Plant  Siting 154 

l.ocation  of  Load 154 

Transmission  I. imitations 156 

l.ocation  of  niermal  flectric  Capability  . . 159 

Water  Retpi i rements  and  Management  .\ecds  for  Power  . . 160 

Water  Recpi i rements  for  Thermal  Power 160 

Rate  of  Water  Use 161 

Subregional  Requirements  161 

Regulated  Columbia  River  Plows 163 

.'ionthly  Streamflow  T'luctuation 163 

Hourly  Plow  l luctuation 164 

Regulated  Tributar\-  I'lows 175 

Coordinated  Columbia  River  System  Projects  . . . 176 

Independent  Systems  of  Power  Projects 177 

Independent  Power  Projects  180 

Independent  flood  Control  and  Irrigation  Systems 

and  Projects 183 

Bibliography  187 

Cl  OSS  ary 191 

1,1  ST  OP  TABl.P.S 

Table  .^o. 

1 lilectric  Pnergy  Retpii rements  and  Supply  of  the 

United  States 8 

2 Monthly  linergy  and  Peak  Demand  - Major  lilectric 

Power  Systems  of  the  United  States 8 

.3  electric  Pinergy  Requirements,  Columbia-North 

Pacific  Region  10 

4 electric  Pnergy  Sales  by  Major  Sales  Categories.  10 

5 Annual  Pnergy  Use  per  Domestic  Customer 11 

6 Annual  Pnergy  Use  per  Commercial  Customer.  ...  13 

7 Total  Industrial  Sales  13 

8 Monthly  Pnergy  and  Peak  Requirements,  Major 

Plectric  Power  Systems,  Columbia-North  Pacific 
Region 14 

i i i 


I,  I ST  01'  TABIJiS 


Table  No. 


Page  No. 


9 

10 

11 


12 


1.S 

14 

15 

16 

17 

18 

19 


20 


21 

22 


24 

25 

26 

27 

28 
29 

50 

.51 

52 

55 

54 

35 


Monthly  Finergy  anil  Peal<  Demand,  ('oliimbia-Nortli 


Pacific  lilectric  I’ower  Systems 16 

Po]nilation  and  Plcctric  Power  Use,  Columbia- 

North  i’acific  Region 17 

Regional  Hourly  I.oad,  Columbia-North  Pacific 

Region,  April  1965  17 

Regional  Hourly  Toad,  (iolumb  i a-North  Pacific 

Region,  Augu.st  1965  18 

Regional  Hourly  Toad,  Columbia-North  Pacific 

Region,  December  1965  18 

T'ederal  Columbia  River  Power  System,  General 
Sjieci  f i cat  i ons  , Projects  hxisting  Under 

Construction  and  Authorized 21 

System  Capacities  of  Projects  hxisting.  Under 
Construction  and  Authorized  or  Licensed, 
Columbia-North  Pacific  Region 22 


Storage  Reservoirs,  Columbia  River  Power  System, 


1970-1971  25 

Pacific  Northwest  Coordination  Agreement,  Firm 

hnergy  Load  (Tarrying  Capability,  1969-70  ...  24 

Pacific  Northwest  Coordination  Agreement, 
hstimateii  Cajiability  of  Signatory  Parties, 

1970-1971 ' 52 

Projected  Fleet ric  linergy  Requirements  of  the 

United  States  by  Classification 58 

hstimated  Contribution  of  Selected  Appliances 

to  Total  Domestic  Average  Use 39 

Monthly  Index  of  Load 43 

Future  lilectric  Power  Requirements,  Columbia- 

North  Pacific  Region  43 

Monthly  Load  I'atterns,  Columbia-Nortli  Pacific 

Region 44 

Potential  Hydro  Projects,  Subregion  1 47 

Potential  Hydro  Projects,  Subregion  2 55 

Potential  Hydro  Projects,  Subregion  4 57 

Potential  Hydro  Projects,  Subregion  5 61 

Potential  llytlro  Projects,  Subregion  6 66 

Alternative  Hydro  Developments,  Middle  Snake 

River 67 

Potent  i.al  Hydro  Projects,  Subregion  8 75 

Potential  llyilro  Projects,  Subregion  11 77 

Summary  of  Potential  IKalroe lect r i c Projects.  . . 80 

Proposed  Additions  to  hxisting  Hydroelectric 

Projects 85 

Summary  of  I’otential  Pum|u'd-Storage  Projects  . . 96 

(,'omparison  of  Pumfjcd  Storage  Costs  with 

Alternatives  97 


i v 


1,1  ST  Ol-  TABUiS 


I'ahle  No.  Page  No. 


-SO  Annual  I'roduction  lixpon.sos  of  Selected  Steam- 

Tlectric  I’lants 106 

37  Staging  of  Hydro  Resources,  Plan  A,  Ma.xinium 

Hydro  System,  To  lumh  i a-Nortli  Pacific  Region  . . 130 

38  Staging  of  Ih’dro  Resources,  Plan  B,  Minimum 

Hyilro  System,  Tolumh  i a-North  Pacific  Region  . . 131 

30  Load- Resource  .Analysis  for  Columbia-North 

Pacific  Region:  Plan  A 140 

40  Load- Resource  Analysis  for  Col  umb  i .a-North 

Pacific  Region:  I’ Ian  B Ml 

41  Alloc.'ition  of  lilectric  Power  Rc(|ui  rements  by 

Hesign.'ited  Subareas 156 

4J  Requirement  for  Peaking  (iapacity 158 

43  Projection  of  Thermal  Plant  Installation 150 

44  Cooling  Water  Recpi i rements 161 

45  Summary  of  Water  Use  for  Thermal  lilectric 

Ceneration 162 

46  Annual  C.apacity  Factor  for  Ma instem  Columbia 

Projects 168 

47  Hydraulic  (iajiacities  ;uui  Minimum  Hourly  Releases 

for  Mai  ns  tern  Columbia  Projects 170 

48  Tributary  Projects  Oper.at  ional  ly  Integrateil  with 

Mainstem  Columbia  Projects 178 

40  Indejicndent  Power  Systems 170 

50  Independent  Power  Projects 181 

51  Independent  Flooil  Control  and  Irrigation  Projects 

with  Powei'  Ceneration  Facilities 184 

LIST  OF'  FI  CURLS 

Figure  No. 

1 Major  F.lectrical  Appliance  S;it  ur.it  i on  , 1060  ...  12 

2 Major  Llectric  Power  Systems  of  the  Pacific 

Northwest,  Monthly  linergy  and  Peak  Oemands . . . 15 

3 Northwest  Power  Pool  Interconnections  26 

4 Major  Transmission  F.acilities,  1070  ....  follows  26 

5 Hydroelectric  Power  Resources  follows  46 

6 Hyilroe  lect  r i c Power  lU'sources,  Condensed 

Profile  follows  46 

7 Typical  Pum[)cd  Storage  Project 86 

8 Investment  Cost  vs.  Ileail 88 

0 Investment  Cost  vs.  Penstock  Length  88 

10  Investment  and  Cajiacity  Cost  vs.  Installed 

Capacity  for  a Typical  Pumped-Storage  Plant  . . 80 


v 


I.IST  01'  I'lOIIUliS 


I'igurc  No.  l';igc  No. 


11  I’otential  Puirped-Storagc  Sites,  Mid  Columbia, 

Subregion  7 90 

12  Potential  Pumped-St orage  Sites,  l.ower  (iolumbia. 

Subregion  8 91 

IS  Potential  Pumped-Storage  Sites,  Willamette, 

Subregion  9 92 

1-}  Potential  Pumped-Storage  Sites,  Coastal, 

Subregion  10 9S 

15  I’otential  Pumped-Storage  Sites,  I’uget  Sound, 

Subregion  11 94 

lb  Steam-P.  lect  r i c Cencrating  Plants  - Net  Heat 

Rates 105 

17  riiermal  and  Hydro  Resources  Meeting  the  Pstimated 

19 SO  Load  fol  lows  158 

18  I’ower  Supply  Load  Areas  and  Transmission  Routes, 

1990.  . 142 

19  Major  Transmission  I'acilities,  January  1990  . . . 

follows  142 

20  Relative  Tower  Size  and  R/W  Width  Compared  with 

Transmission  I.inc  Capability 144 

21  Load  Areas 157 

22  'Hie  effect  of  Regulation  on  Columbia  and  Lower 

Snake  River  IMows Ib5 

23  Plow  Duration  Curve  of  Mean  Montlily  Plows  at 

The  Dalles Ibb 

24  Plow  Duration  Curve  of  Mean  January  Plows  at 

The  Dalles 107 

25  Weekly  Pluctuation  at  Chief  Joseph 171 

2b  Weekly  Fluctuation  at  Ice  Harbor 172 

27  Weekly  Pluctuation  at  John  Day 175 

28  Weekly  Pluctuation  at  Bonneville H4 


vi 


I N 1 U 0 1)  II  C T I 0 N 


\ 


Tlic  [)urpose  in  tliis  appciuiix  is  to  forecast  power  loads, 
j;eneration,  ami  t ransiri  ss  i on  for  the  Co  lumh  i a-North  I’acific  Hc'sion 
as  tlicy  relate  to  the  future  use  of  water.  I'liese  measures  of  power 
development  are  relateil  to  other  water  and  land  uses  through  their 
modification  of  vv;iter  supplies  of  the  region.  I'he  impact  on  water 
supplies  is  twofold.  first,  the  development  of  hydroelectric  capa- 
hilit>'  has  a major  influence  on  use  of  water  sup[)lies  for  other  pur- 
poses. In  m;in>’  inst.inccs  it  is  a major  determinant  for  water  control, 
where  the  cont'lict  with  other  w.ater  uses  is  slight.  -Second,  the 
development  of  thermal  electric  c.apahility  will  recpiire  a water 
supply  for  steam  condensation  which  must  he  considered  with  use  of 
water  supplies  for  other  purposes. 

fhe  .'ippendi.v  Itas  lieen  formulated  specifically  in  keeping  with 
standards  of  the  Water  Resources  Council  (4‘)]  .1./  As  such,  it  relates 
power  tlevelopment  to  the  broad-scaled  analysis  of  water  and  related 
land  resource  problems  and  furnishes  a general  apjiraisal  of  the 
proliahle  nature,  extent,  and  timing  of  [lower  development  in  the  region. 


Alti'.ough  [irojcct  formulation  studies  were  not  undertaken, 
specific  generating  projects  at  each  of  the  three  levels  of  power 
development  have  been  identified  for  study  pur[ioses . These  levels 
were  tlie  years  1980,  2000,  and  2020. 


for  some  portions  of  the  a)i)iendix,  studies  were  matle  in  con- 
siderable detail.  This  is  [lart  i cu  lar  1 y true  of  the  studies  which 
developed  the  staging  of  electric  iiower  ilevelopment . .Such  detail, 
howc\er,  is  not  in  conflict  with  the  objective  of  broad-scaled 
analysis.  Tlie  detail  is  in  study  of  a power  system  not  in  the  study 
of  individual  [irojects.  Studies  of  such  detail  have  been  madi 
possible  only  througb  the  m.ithemat i cal  simulation  of  the  entire 
region.'il  power  generating  system  on  large  cajiacity  digital  com[iuters. 

In  most  otlier  ap|)erulixes  of  this  framework  study,  the 
Co  lumb  i a-.Nort  h Pacific  Region  has  been  ilivided  into  subregions. 

’This  was  not  tlone  for  the  power  a|i|iendix  as  the  results  thereof 
would  be  of  little  value.  Although  it  is  entirely  feasible  to 
identify  [>ower  loads  ami  generation  by  subregions,  a coordinated 
[lower  system  serves  the  Pacific  .Morthwest  in  its  entirety  by  means 
of  a high-voltage  transmission  network.  Some  subregions  are  rela- 
tively power  rich  ami  their  resources  are  used  to  lie  Ip  meet  the 
needs  of  other  subregions  which  have  high  loads  but  few  power 
resources. 


1/  See  Bibl  i ogra[)hy . 
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I.lectric  power  service  to  tlie  refjion  may  have  begun  in  1882, 
wtien  the  first  electric  light  plant  in  IVasli i ngton  began  operation  in 
Tacoma.  On  .bine  7> , 1889,  a hydroelectric  plant  was  completed  at 
Killamette  halls  ;it  Oregon  City.  In  September  1890,  alternators 
were  installed  at  the  plant  and  were  connected  with  Portlaml  by  what 
may  be  regarded  .is  the  first  long-distance  t r.'insmi  ss  i on  line  in  the 
United  States.  This  plant,  cons  i dcr.ab  ly  modified,  oper.ates  tod.ay 
as  the  T.  IV.  Siilliv.-in  plant  of  Portland  Ceneral  lilectric  Company. 
Municipal  electric  pl.ants  began  oper.ation  in  McMinnville  in  1889, 
in  Cc'itralia  in  1S9.S,  in  Tacoma  in  1894,  in  Seattle  in  1902,  and  in 
ITigone  in  1910. 


The  Private  Utilities 


The  privately  owned  utilities  which  serve  the  region  had 
their  origin  in  small,  locally  owned  enterprises  to  provide  utility 
services  including  gas  supply  and  electricity.  Some  were  subsidi- 
aries of  railroad  companies.  Puget  Sound  Power  fi  bight  Company  w.as 
formed  through  an  extensive  series  of  mergers  in  western  Washington 
which  established  the  company  in  1912,  and  continued  through  1940. 
The  Washington  Water  Power  (iomp.any  started  as  ;i  small  enterjirise  in 
Spokane  in  1885.  I'hrougli  successive  reorganizations  it  evolved  into 
a successful  electric  .and  street  r.ai  Iway  company  by  1899,  although 
acquisition  of  otlier  small  systems  in  western  Washington  and 
northern  Idaho  continued  for  a considerable  period  thereafter. 

I'hrough  .a  similar  juittern  of  successive  reorgan  i z.at  i on  other 
major  privately  owned  utilities  sprang  up  in  Oregon  and  Washington, 
’llie  Pacific  Power  8 l.ight  Company  was  i ncoriiorated  in  .bine  16,  1910. 
This  company,  which  originally  served  southeastern  W.asliington  and 
nortlieastern  Oregon,  subsecjuent  ly  merged  on  separ.ate  occasions  with 
.N'orthwestern  f.lectric  (iompany , Mountain  States  I’ower  Compaiu' , and 
California  Oregon  Power  Company  to  I'ecome  the  Largest  privately 
owned  utility  in  the  region.  In  addition,  tlie  comp.any  serves 
central  Wyoming. 

The  I’ortl.and  Ceneral  lilectric  Compan>’  serves  part  of  the 
city  of  Portland  and  adjoining  areas  in  northwestern  Oregon.  From 
its  small  beginning  at  Will.amette  Palls  in  1889,  it  went  through 
successive  reorganizations  to  become  tlie  company  it  is  today. 

Active  opposition  to  the  comp.any  at  an  early  date  resulted  in  a 
referendum  in  1912,  by  which  I’ortland  extended  .a  francliise  also  to 
Northwestern  lilectric  Comp.any,  thus  creating  an  unusual  condition 
of  competition  within  a single  city. 
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lor  a long  period  the  private  utilities  in  the  region  were 
subsidiaries  of  holding  companies.  Both  Washington  Water  Power 
Company  and  Pacific  Power  Ij  l.iglit  Company  as  well  as  Idalio  Power 
Company  and  Montana  Power  C^ompany,  whicli  serve  southern  Idalto  and 
Montana  in  the  region,  were  controlled  by  the  blectric  Bond  and 
Share  Company.  llirough  Federal  intervention  in  tlie  1950's, 
electric  Bond  and  Share  was  divested  of  control  of  tliese  and  other 
utilities.  A coordinating  service  which  the  company  provided  the 
private  utilities  in  the  Pacific  Northwest  was  continued  through 
the  Northwest  Power  Pool,  but  in  time  tliis  function  as  well  was 
separated  from  tlie  company. 


Ihe  Municipal  Systems 

lacoma  was  the  first  large  city  of  the  region  to  establish 
municipal  ownership.  At  about  the  same  time,  several  smaller 
cities  undertook  to  acquire  their  own  electric  systems  including 
Port  Angeles,  McMinnville,  Forest  drove,  and  Centralia.  Ihe 
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largest  municipal  utility  in  the  region,  and  indeed  a large  one 
under  any  standards,  has  been  Seattle  City  Light.  Although 
empowered  by  charter  to  provide  street  lighting  since  1869,  the 
city  did  not  become  a power  utility  until  the  Charter  of  March  3, 
1896,  which  provided  for  ownership  and  operation  of  power  supply 
facilities.  In  time  municipal  service  was  provided  throughout  the 
city,  although  not  without  a series  of  campaigns  involving  rate 
reductions  in  competition  with  the  private  utilities  then  serving 
the  city. 

The  city  of  Eugene  became  a municipal  electric  system 
through  its  operation  of  water  supply  facilities,  as  have  many 
other  systems.  In  September  1908,  the  city  purchased  the  existing 
water  system  and  used  the  balance  of  the  bond  issue  to  construct 
the  Walterville  hydroelectric  plant  on  the  McKenzie  River.  The 
plant  was  constructed  primarily  to  provide  pumping  power,  but  it 
provided  a surplus  for  commercial  sale.  The  city  then  bought  out 
its  franchise  holder,  the  Oregon  Power  Company,  in  February  1916. 


The  Cooperative  Systems 

Electric  cooperatives  are  private,  nonprofit  enterprises, 
locally  owned  and  managed,  and  incorporated  under  state  law. 

Some  of  the  earliest  cooperatives  were  formed  in  Southern  Idaho 
over  50  years  ago  to  distribute  power  from  the  Government's  Minidoka 
project  to  small  groups  of  rural  customers.  Two  of  the  first  were 
Northside  Power  Company  and  Rural  Electric  Cooperative. 

The  large  growth  in  the  cooperative  power  field  came  about 
with  the  creation  of  the  Rural  Electrification  Administration  by 
Executive  Order  of  the  President  on  May  11,  1935.  IT\e  original 
plan  to  promote  rural  electrification  was  to  make  low-cost  money 
available  to  private  companies  in  the  electric  distribution  business. 
Company  research  at  that  time  indicated  that  rural  electrification 
was  not  economical  even  with  the  availability  of  2 percent  money. 

Since  private  companies  were  not  willing  to  build  into  rural  areas, 
groups  of  people  began  seeking  means  of  getting  electricity  to 
their  homes.  Iliey  found  the  cooperative  form  of  enterprise  as  a 
solution  to  their  problem.  Over  a period  of  35  years  about  1,000 
cooperatives  were  formed  and  received  loans  from  the  Rural 
Electrification  Administration;  38  of  these  are  located  in  the  region. 


lederal  Power  bevelopment 

Federal  power  development  in  the  eastern  part  of  the  region 
dates  back  to  1906  when  the  first  l\ydroe lectric  power  was  authorized 
for  construction  by  the  Bureau  of  Reclamation.  The  first  Federal 
hydroplant  in  the  region  began  operation  in  1909,  as  a part  of  the 
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Minidoka  Reclamation  Project  in  southern  Idalto.  Continuing 
reclamation  development  in  Idalto  provided  hydroelectric  power  at 
the  Boise  Diversion  project  in  1912,  and  at  Black  Canyon  in  1925. 

In  the  western  part  of  the  region,  the  Federal  Columbia  River 
Power  System  was  added  in  1957  to  the  pattern  of  mixed  private- 
public  ownership.  I'wo  I'ederal  generating  plants  were  being  completed 
by  that  time.  Bonneville  project  was  planned  by  the  Corps  of 
tngineers  as  the  first  step  in  developing  the  navigation  of  the 
bower  t'olumbia  River,  while  Grand  Coulee  was  being  constructed  by 
the  Bureau  of  Reclamation  as  a part  of  the  1 million-acre  Columbia 
Basin  irrigation  project  of  central  Washington.  Both  projects,  in 
addition,  provided  power  for  commercial  sale.  On  August  20,  1937, 
the  President  signed  the  Bonneville  Project  Act.  Power  to  be 
generated  at  Bonneville  was  to  receive  the  widest  possible  use  and 
the  project  was  to  be  interconnected  with  other  Federal  projects 
and  publicly  owned  power  systems. 

Bonneville  Power  Administration  was  made  the  marketing 
agency  for  power  generated  at  Grand  Coulee  by  executive  Order  of 
August  2t),  1940.  Ihe  Bonneville  and  Grand  Coulee  plants  were  inter- 
connected at  Midway  Substation  early  in  1941.  A year  later,  the 
first  Grand  Coulee  power  was  flowing  east  to  Spokane  and  west  over 
the  Cascades  to  Puget  Sound.  A line  was  extended  north  from 
Portland  to  connect  with  the  Grand  Coulee  line  near  Seattle,  and 
Walla  Walla  and  Lewiston  were  linked  to  Midway.  In  the  course  of 
this  development,  interconnections  were  made  with  the  municipalities 
and  private  utilities  thus  setting  the  stage  for  eventual  coordinated 
operation. 

Following  World  War  11,  tlie  Federal  Government  continued 
its  policy  of  multipurpose  water  resource  development,  and  major 
projects  were  constructed  at  Mc.Sary,  Albeni  Falls,  Chief  Joseph, 

Ihe  Dalles,  and  in  the  Willamette  Basin  (Corps  of  engineers' 
projects!  and  at  Hungry  Horse,  Anderson  Ranch,  and  Palisades 
(BR  proje-.ts).  these  projects,  together  with  the  completion  of 
the  initial  power  installation  at  Grand  Coulee,  accounted  for 
nearly  two- thirds  of  the  capacity  added  to  the  regional  power  system 
through  the  fifties. 

Due  initially  to  the  budget  restraints  caused  by  the  korean 
war  and  later  to  tlie  policies  of  the  administration  then  in  powei , 
Federal  hydroelectric  development  was  largely  curtailed  during  the 
middle  and  late  fifties.  Construction  continued  on  projects  already 
well  underway,  but  planning  and  design  were  delayed  for  new  projects 
even  though  authorized.  Because  of  the  long  time  interval  required 
to  design  and  construct  major  water  resource  projects,  it  was  not 
until  the  sixties  that  the  effects  of  this  policy  were  felt. 

Between  1900  and  mid-1908,  when  the  first  units  went  into  service 
at  John  Day,  only  15  percent  of  the  capacity  added  to  the  Pacific 
Northwest  power  system  was  Federal. 
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the  "no  new  starts"  policy  of  tlie  fifties  was  eventually 
rescinUeil  and  tlie  construction  of  Federal  projects  was  resumed. 
Between  IDuS  and  the  early  seventies,  when  the  first  thermal  plants 
will  he  placed  in  service,  Federal  hydro  projects  will  supply  most 
of  the  region's  additional  generation  requirements.  lable  15  lists 
the  projects  which  make  up  the  Federal  Columbia  River  Power  System. 


Non- Federal  Public  Agencies 

The  Washington  public  utility  districts  stepped  into  the 
gap  created  by  the  lack  of  newly  scheduled  Federal  generation  by 
requesting  licenses  for  the  large  mid-Columbia  River  projects. 

At  the  same  time  financing  arrangements  were  arrived  at  whereby 
the  capability  of  such  projects  was  disposed  of  to  other  utilities, 
as  the  capability  of  these  large  plants  far  exceeds  the  loads  of 
the  licensees.  Under  such  arrangements,  construction  was  started 
on  Priest  Rapids  in  l'J5t>,  Rocky  Reach  in  1957,  Wanapum  in  1959, 
and  Wells  in  1905. 
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riie  power  resources  of  the  region  because  of  current  inter- 
utility contracts  and  transmission  interconnections  should  be 
regarded  as  a unit  for  planning  purposes.  The  power  load  of  the 
region  should  therefore  be  regarded  as  a unit  for  the  same  reason. 
In  detail  this  approach  is  less  supportable  for  some  loads  and 
resources  than  others,  but  it  nevertheless  provides  a rational 
analysis . 


PRESENT  ELECTRIC  POWER  REQUIREMENTS 


United  States 


The  phenomenal  growth  in  the  use  of  electric  power  in  the 
United  States,  which  on  the  average  has  doubled  every  decade  for  its 
85-year  historv-,  is  due  in  large  part  to  the  fact  that  the  industry's 
technological  progress  has  made  electricity  one  of  the  best  bargains 
available.  Its  use  is  taken  for  granted.  Yet  without  electricity 
there  would  be  no  modern  communications,  no  television  or  other 
electronics,  no  elect roprocess  industries,  and  few  of  the  appliances 
which  have  become  indispensable  in  most  .American  homes  today. 

llie  electric  power  industry  of  the  United  States  has  grown 
in  capital  investment  from  an  infant  born  in  the  1880's  to  a giant, 
now  the  largest  in  the  Nation.  Electric  power's  growth  is  unmatched 
in  rate  and  consistency  by  any  other  major  industry.  Production  has 
increased  at  about  twice  the  rate  of  increase  of  overall  industrial 
production.  Hie  consistency  of  this  expansion  and,  especially,  tlie 
relatively  stable  flow  of  expenditures  for  new  electric  system  plant 
and  equipment  have  provided  a persistent  impetus  to  the  Nation's 
economic  growth  and  liave  acted  as  a cushioning  force  during  business 
recessions. 

The  electric  power  industry  requires  particularly  large 
capital  outlays.  Its  average  annual  dollar  expenditures  for  plant 
and  equipment  art  by  far  the  greatest  of  any  industry.  In  1908, 
for  example,  construction  expenditures  of  the  investor-owned  segment 
of  the  electric  utility  industry  alone  amounted  to  over  $7  billion. 

Electric  energy  generation  and  use  in  the  country  increased 
at  an  annual  compound  rate  of  about  7 percent  until,  in  1955,  the 
total  energy  requirements  of  the  country  were  approximately  055 
billion  kilowatt-hours.  The  growth  rate  in  the  next  decade,  1955-1905, 
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was  slightly  lowor--avcragiiig  about  0.2  percent  annually,  the 
Nation's  total  requirement  in  IDoS  amounting  to  1,150  billion 
kilowatt  hours.  Ihese  total  energy  requirements  and  those  for 
IDoO  are  shown  in  table  1,  broken  down  by  type  of  use. 


Hie  month-by-month  variation  in  energy  requirements  and 
peak  demand  (the  ;innual  "load  shape")  is  of  importance  in  schedul- 
ing the  operation  of  hydroelectric  plants  and  the  maintenance  work 
to  be  done  on  all  types  of  generating  units.  Monthly  energy  and 
demand  countrywide  totals  for  the  major  electric  power  systems  for 
the  years  1955,  1900,  and  1905  are  contained  in  table  2, 

l.iMf  I lloctric  I ntTjiy  Rcqui  rfinents  anJ  Supply  of  the  United  States 

~ TT^t.rrTs~7ner£7  ^ 1960  ~ 1965 

(Million  Kilowatt-hours) 


Kcqui remcnf s 

I lectric  Ut 1 1 1 t V 


Uomest 1C 

122,002 

189,084 

274,240 

CommtTc  i al 

K0,657 

121.437 

188,960 

Industrial 

258,689 

3.30,484 

436,906 

Other 

.T7,976 

:>l/'34 

(.5, 745 

llectric  IJtllitv  Classified  - 

Suhtot  a 1 

499,324 

692,639 

965,857 

1 osses 

57,920 

70 . 869 

91 ,980 

lotal.  Utility  Requirements 

763,508 

1 ,057.837 

Industrial  C.eneration  for  Own  Use 

77,  JSiL'' 

85,184 

<)8.b5yi/ 

Total  Requirements 

6.34,^97 

848,692 

1,156,496 

Supply 

llectric  Utility  Ctencrat  ion 

548,3(1! 

~55,375 

1.054,813 

Industrial  Ueneration 

SJ.JJHi' 

88,782 

101 ,831 

International  Iner^v  transfers 

Imports 

4.567 

5,323 

1 xports 

-499 

-788 

Set  Transfers 

4,068 

4,r,,v. 

Total,  Supply 

(>34,597 

848,692 

1,156,496 

1 MasVa  data  incomplete  for  this  year. 


labU*  2 - Monthly  Inergy  and  Peak  Demand 
Major  hlcctric  Power  Systems  of  the  United  Stales 


1955 

1960 

r,h.5 

Peak 

Peak 

Peak 

Month 

hnergy 

fiemand 

fnergy 

Demand 

I ne  rcy 

Demand 

(In  Mill  ions  of 

Ki lowat  t -houTF 

. and  Millions  of  Kt  low.it ts ) 

.ianuarv 

43,547 

84  . 1 

63,185 

120.9 

86  ,363 

160.6 

February 

.39,9-,(> 

83.7 

5<),581 

117.4 

78,961 

160.0 

March 

44,090 

83.4 

63.607 

116.9 

86,422 

156.0 

April 

41,840 

82.5 

58,139 

113.8 

80.338 

152.9 

Mav 

43,160 

83.9 

59,972 

1 16.3 

83.640 

16(K8 

June 

1 ^ ,926 

86.5 

( 1 .(.T. 

122.0 

86,255 

170.2 

July 

46,269 

89 . 3 

63,306 

124.2 

91  ,507 

1-4.3 

August 

48,830 

91.6 

66 ,674 

127.8 

93, "76 

178.8 

Septemlior 

45,71 4 

90.  1 

61.800 

126.1 

87,452 

175.1 

October 

46,999 

90.6 

61 .282 

119.8 

8S.805 

1 59 . " 

November 

47,465 

96 . 1 

60,591 

122.2 

85.322 

167.9 

December 

50,347 

98.3 

65,300 

128.7 

92,059 

175.  1 

Year 

542, 12> 

98.3 

745,112 

128.7 

1 ,03*^  ,900 

1"8.8 
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Pacific  Nortliwcsl 


Compared  with  the  United  States,  the  Columbia-North  Pacific 
region,  referred  to  herein  as  the  Pacific  Northwest,  has  a similar- 
ity in  annual  load  factors  but  has  a winter  rather  than  a summer 
annual  peak  demand  and  has  a greater  per  capita  energy  use. 

In  tlie  region  the  11)55  annual  load  factor  was  Ob  percent. 

I'en  years  later  it  was  o5  percent.  Ihe  national  experience  was 
o5  percent  in  1955,  increasing  to  fa7  percent  by  1965. 

Maximur.  annual  electric  power  demands  in  tlic  Pacific  Northwest 
occur  in  the  winter  months.  In  contrast,  summer  demands  have  been 
greater  nationally.  Iwo  characteristics  hel[!  determine  the  seasonal 
electric  power  requirements.  I'he  proportion  of  homes  with  electric 
heat  is  much  greater  in  the  Pacific  Northwest  than  nationally,  and 
summer  air  conditioning  is  not  as  important  in  the  region  as  elsewhere. 

Nationally,  home  electric  heating  installations  were  less 
than  2 percent  of  the  total  during  1965.  Regionally,  20  percent 
of  the  homes  had  electric  lieat  in  1965.  These  factors  contribute 
to  the  differing  seasonal  patterns  in  national  and  regional  electric 
power  requirements. 

/Vnother  difference  in  regional  power  use,  compared  with  the 
Nation,  is  the  much  greater  per  capita  annual  energy  use  in  the 
Pacific  Northwest.  In  1965,  the  regional  per  capita  consumption 
was  12,67b  ki lowatt-hours--more  than  double  the  national  average 
of  5,944  kilowatt-hours. 

i'his  high  per  capita  consumption  results  from  the  avail- 
ability of  low  cost  hydroelectric  power.  During  1965,  99  percent 
of  all  electric  power  sold  in  the  region  was  generated  at  hydro- 
electric projects  in  contrast  witlt  20  percent  from  this  source 
nationally.  Regional  wholesale  electric  power  costs  are  among  the 
lowest  in  the  Nation  because  of  this.  llte  benefits  to  the  area 
are  important.  High  electric  power  consuming  electroprocess 
industries  have  been  attracted  to  the  Pacific  Northwest.  Lower 
wholesale  power  costs  are  furthermore  reflected  in  lower  resale 
rates  which  also  encourage  greater  residential  and  commercial 
consumption. 


Annual  Lnergy  Loads 

Table  3 shows  the  annual  energy  requirements  in  the  Pacific 
Northwest  during  the  1955-1965  period,  ilie  power  requirements 
shown  include  Oregon,  Washington,  the  11  counties  in  western  Montana, 
and  all  of  Idaho,  with  the  exception  of  the  Utali  Power  tj  Light 
Company  service  area  in  the  southeastern  part  of  the  state. 
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VahU*  S • l.lcctric  J'nerRv  Requi  ri'ment  s 
Colun*)i  a-North  Paci  f i c Region 


Total  Pacific  Northwest 


Llcctnc  r.nergy 

l‘).SS 

106(> 

1065 

(Million  K j iowat 1 -hours ) 

Sales 

Domest ic 

1 1 ,ns3 

IS, 04  1 

JO  ,68" 

1 rrigat ion 

1 ,272 

1 ,671 

J.4J1 

Cotnmorcial 

4 , 1‘)  1 

6 ,iU^ 

8 ,'R! 

Industrial 

JO,  876 

J4 .848 

54,546 

Other 

760 

815 

1 .01)0 

Total  Sales 

:^8,i8: 

40 ,5(»J 

h',325 

Losses 

5.229 

5,570 

7,110 

Requirements 

45.411 

54  .881 

"4 .455 

Regionally,  sales  by  major  consumer  classification  are 
generally  comparable  to  the  national  distribution  as  shown  by 
table  4.  Approximately  51  percent  of  energy  sales  went  to  domestic 
consumers  in  the  region  compared  with  28  percent  nationally  during 
1965.  Commercial  sales  were  13  percent  in  the  region  and  19  percent 
nationally,  while  industrial  sales  were  51  percent  within  the  region 
compared  with  45  percent  nationally.  Some  of  tliese  differences  in 
percentages  between  commercial  and  industrial  classifications  may 
be  due  to  definition.  IVliat  is  classified  as  a commercial  customer 
by  one  distributor  may  be  called  an  industrial  account  by  another. 
'ITie  combined  commercial  and  industrial  percentage  is  64  percent 
both  in  the  Pacific  Northwest  and  nationally. 


lahle  4 

• 1 ni’  r^y 

S.ilos  hv 

M.not  ' 

'.ilfw  latfRories 

11)55 

11)65 

S.llcs  Catrs 

ones 

I'Sh 

H.S. 

PNW 

D.S. 

PNK 

II. S. 

(Pi 

Tcont  1 

llolTK'S  t 1 C 

JO 

.?4 

5J 

j- 

51 

J8 

(A.)miTH'  rci  a 1 

1 1 

1'* 

IJ 

r 

15 

ID 

Indus t rial 

55 

5J 

50 

48 

51 

15 

Other.L' 

5 

8 

(. 

8 

5 

8 

loial 

100 

100 

100 

100 

100 

100 

1/  Includes 

St  reft 

I iRht  1 riR , 

, station 

use,  .»ml  irrigation. 

Percentage  increases  in  total  energy  sales  by  major 
categories  were  lower  in  all  instances  in  tlie  Pacific  Northwest 
when  compared  with  the  Nation  during  1955-1965.  The  1965  sales 
to  domestic  consumers  were  87  percent  higher  than  1955  in  the 
region  while  the  national  increase  was  125  percent,  ihe  1965 
energy  sales  to  commercial  customers  were  110  percent  higher  than 
1955  in  the  region  while  the  national  increase  was  134  percent. 

The  1965  energy  sales  to  industry  were  65  percent  higher  tlian  1955 
in  the  region  while  the  national  increase  was  69  percent.  Overall 
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growth  in  electric  energy  requirements  in  the  region  during  1955-05 
was  at  a 5.7  percent  compound  annual  rate.  Hiis  was  below  the 
national  rate  of  0.2  percent  for  the  same  period. 

Percentage  increases  do  not  reflect  the  entire  picture  since 
the  growtli  rates  are  from  substantially  different  levels.  I'he 
historically  greater  use  per  consumer  in  the  Pacific  Northwest  will 
continue,  although  regional  and  national  differences  may  be  less 
pronounced  in  the  future. 

llie  compound  annual  rate  of  increase  in  number  of  domestic 
customers  was  2.1  percent  in  the  Pacific  Northwest,  and  2.4  percent 
nationally  during  the  1955-05  period.  lliis  reflects  tlie  slightly 
lower  population  growth  rate  in  the  region  compared  with  the  Nation. 
Hie  ratio  of  population  to  total  domestic  customers  decreased  over 
the  period  in  the  Pacific  Northwest  as  well  as  in  the  Nation  as 
fol lows : 


Item  

Regional  Population 
Ratio:  Pop. /Dorn.  Cust. 


1955 

5,074,000 

5.5/1 


1905 

5,871 ,900 
3.1/1 


I'otal  U.S.  Population  105,931,000 

Ratio:  Pop./Uom.  Cust.  3.7/1 


194,572,000 

5.4/1 


kilowatt-hour  use  per  domestic  customer  in  the  Pacific 
Northwest  was  more  than  double  the  national  average  during  this 
period  as  shown  by  table  5.  Resale  rates  are  among  the  lowest  in 
the  Nation.  Ihis  iias  resulted  in  a high  saturation  of  major  electric 
appliances.  Also,  active  promotion  of  electric  heat  installations 
contributed  to  the  greater  use.  One  in  five  homes  in  the  region 
had  electric  heat  by  19b5.  Ilie  reasons  for  greater  regional  domestic 
energy  use  per  customer  are  better  understood  from  the  following 
comparison  between  the  United  States  and  the  Pacific  Northwest 
showing  the  percent  of  homes  with  major  electrical  appliances. 

Such  a comparison  is  made  in  the  following  bar  chart 
(figure  Ij  from  data  published  in  the  U.S.  Census  of  Housing, 

1960  (8J . The  national  relative  usage  exceeded  the  region  only  in 
a'i  r condi t i oners  and  television  during  1960. 


t.ihlf  S - Annuiil  fncr^y  Use  per  Uomostu:  Customer 


y e .1  r 

United  St.ites 

I'liciric  Northwest 

( k 1 low.it  t hours ) 

1955 

2.77^ 

7,267 

.H54 

9 .465 

19h5 

4 . 99  3 

11. nil 
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FIGURE  1.  Major  Electrical  Appliance  Saturation.  I960 
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Commercial  enerfjy  use  per  customer  has  also  been  consist- 
ent ly  j;reater  in  the  area  diirinj;  this  period  as  shown  by  table  6. 
Improved  lij;hting,  electric  heating,  and  air  conditioning  of  new 
office  buildings  have  contributed  to  this  growth.  I'he  trend  toward 
larger  shopping  centers  and  fewer  smaller  enterprises  also  is 
evident  during  this  decade. 

I.ihh-  o - } nciKy  IKe  prr  Commorci  .1 1 Customer 

U’.ir  United  states  I'nei  fu  Northwest 

( ^.  i 1 ow.iT  t - hours  ) 

l'.*S5 
l‘.U»0 
19hS 


hf*t> 

JO.SSb 

00b 

2b,b:S 

3');) 

3b, 60 7 

hnergy  sales  to  industry  in  the  region  accounted  for 
51  percent  of  the  total  sales  in  19b5.  lle.aviest  power  users  in 
the  region  incUule  the  aluminum  industry,  pulp  anti  paper  manufactur- 
ing, nonferrous  metal  mining  and  refining,  ami  tlie  phosphate  indus- 
try. Ajipro.ximately  .50  percent  of  the  national  aluminum  reduction 
c.apacity  is  located  in  the  area.  .Sales  to  industry  are  shown  in 
t at)  1 e 7 . 

T.ible  - Totol  IrtiUislri.il  Sales 

ICicific  Sorthuest 
in  1‘ercent  of 

Year  Un  i ted  'States  racitic  Northwest  'luUvd  SV.\tvs 

(Million  k i 1 ow.it  f -hours ) 


1955 

J5H  ,6H9 

:o  .H-b 

8.  1 

I960 

.3.30 .48-1 

:4,84K 

-.5 

1965 

436 ,906 

34,346 

8 

Both  nationally  and  regionally,  industrial  sales  as  a per- 
cent of  total  sales  have  declined  during  tlic  1955-(i5  period.  Some 
of  this  apparent  decline  may  be  due  to  reclassification  between 
commercial  and  industri.al  accounts. 

Irrigation  sales  in  the  region  dvu'ing  19o5  were  3.b  jicrccnt 
of  total  annual  energy  sales.  Although  this  is  a small  amount  of 
the  total  regional  sales,  it  is  highly  significant  in  several  local 
areas.  Almost  15  percent  of  the  sales  in  southern  Idaho  and  over 
10  percent  in  northeast  Washington  were  used  for  irrigation  liuring 
19b5.  Improvements  in  pumps  ami  S|irinkler  irrigation  ecjuipment  ha\'e 
made  possible  the  delivery  of  water  to  land  never  befoi’e  considered 
irrigable.  Conset)uent  ly , more  economically  marginal  land  is  lieing 
reclaimed  and  irrigateil.  I’lans  to  lift  water  800  to  1,000  feet  to 
lands  [)reviously  not  classified  as  irrigable  will  increase  the 
pum[)ing  load  substantially.  A second  noticeable  trend  in  irriga- 
tion is  the  extension  of  the  season  beyond  the  2 or  5-month  period 
to  as  much  as  10  months  for  improved  crop  production.  I'hese  two 
factors  will  assure  an  increase  in  electric  power  s.ales  in  the 
coming  years. 
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Other  sales  include  street  and  highway  lighting.  Less  than 
2 percent  of  total  sales  were  in  this  category  during  1005, 
Although  this  category  as  a percent  of  total  sales  in  tlie  region 
was  declining  during  tlie  1055'O5  period,  tlie  19o5  sales  were  4U 
percent  more  tlian  tl\e  1055  level. 


Monthly  Peak  and  hnergy  Loads 

l.lectric  utility  loads  have  become  increasingly  sensitive 
to  temperature  variation  in  recent  years  due  to  space  heating.  By 
10o5,  the  load  response  was  almost  1 percent  per  degree  lahrenheit 
in  the  Pacific  Northwest.  for  example,  a 10-degree  drop  in  temper- 
ature will  increase  the  load  approximately  0 percent.  During  1005, 
tlie  total  regional  load  response  to  temperature  approximated 
82,000  kilowatts  per  degree.  Thus  a 10-degree  drop  in  temperature 
would  increase  the  area  load  by  820,000  kilowatts.  file  temperature 
response  causes  some  variation  in  load  shapes  from  year  to  year. 

In  some  local  areas  summer  irrigation  loads  are  important  in 
determining  the  annual  load  shape. 

Monthly  peak  and  energy  loads  listed  in  table  0 are  shown 
in  percent  of  annual  requi  i-ements  in  table  8.  for  comparative 
purposes,  the  loads  sliown  in  table  0 are  also  shown  on  figure  2. 


i uh  U‘  K - Monthly  ImT^iy  '‘nJ  Pr  ik  rfinonts 

Minor  lloctric  I'owit  Systems,  l!oliimhi.»-.Noi  th  Pjcific  Region 
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100.00 

lotal  Kegional  l.lectric  Loads 

fable  10  summarizes  annual  peak  and  energy  I'equi  rements  for 
the  region  along  with  other  related  data  discussed  above  for  the 
I955-10O5  period.  Minor  differences  in  totals  will  be  noted  when 
total  energy  sales  shown  on  table  10  are  compared  with  totals  on 
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FIGURE  2.  Major  Electric  Power  Systems  of  the  Pacific  Northwest 
Monthly  Energy  and  Peak  Demand  (1955-1960-1965) 
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table  9.  lable  9 summarizes  data  for  Class  1 utilities  wtiile 
table  10  summarizes  operations  for  all  utilities  in  tbe  area. 


Hourly  Loads  for  Typical  Weeks  - (April,  August,  and  December  19o3j 

April,  August,  and  December  19o5  hourly  loads  are  shown  in 
tables  11,  12,  and  15,  Ihe  first  full  week  in  eacli  montli  is  sliown. 

Maximum  hourly  loads  within  the  year  occur  during  the  winter 
in  the  Pacific  Northwest  in  contrast  with  the  national  occurrence 
during  summer  months.  Another  regional  characteristic  is  the 
seasonal  change  in  time  during  the  day  of  maximum  load.  Winter 
maximum  loads  generally  occur  in  tlie  evening  while  spring,  summer, 
and  early  fall  maximum  loads  occur  in  the  late  morning  hours  before 
noon  or  occasionally  immediately  after  the  noon  iiour. 


laMo  9 - Monthly  Iru'r^y  .uui  I’o.Hk  1'i‘m.iml 
folumhia-Sorth  Mfctric  l‘owt*r  Systems.  ( 1 iss  I Uttlitirs 
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Tahir  10  - Population  and  Mectric  Powrr  Use 
('olumtua-North  Pacific  Region,  All  Utilities 
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foSJIi 

1965 

Population 
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Table  12  - Henional  Hourly  Liad.  August  I9bS,  Columhia-Nnrth  Pacific  Region 


Hour 

Sunday 

Monday 

Tuesday 

Wednesday 

(Megawatts} 

Thursday 

Friday 

Saturday 

1 

t . 1 30 
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2 
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% 
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4 

5 .788 

5.900 

6 .069 

6,193 

6,223 

6,257 

6,095 

5 

5.717 

6.005 

6.190 

6,376 

6.423 

6,401 

6,145 

6 

5.772 

6.462 

6,739 

6.920 

6,934 

6.943 

6,345 

7 

6.102 

7.432 

7,794 

7.853 

7,936 

7.900 

6,862 

R 

6.691 

8.414 

8,690 

8.725 

8.722 

8.669 

7,588 

9 

7,157 

9.122 

9.111 

9 . 260 

9,254 

9,176 

8,290 

10 

7,507 

9,528 

9,428 

9,510 

9.487 

9,522 

8.546 

11 

7.651 

9,590 

9,407 

9,558 

9,466 

9,453 

8,728 

12 

7.67S 

9.548 

9.281 

9,411 

9,325 

9,2‘’7 

8,688 

13 

7,498 

9.631 

9,2*6 

9,404 

9.385 

9.271 

8.455 

14 

, 334 

9.446 

9.15* 

9,253 

9,239 

9,166 

8.367 

IS 

7,167 

9.281 

9.011 

9.085 

9.094 

8,999 

8.144 

It 

7.144 

9.102 

8,858 

8,912 

8,905 

8,817 

8. IIS 

17 

7,216 

9.153 

9.005 

8.985 

S.914 

8,852 

8.177 

18 

■’.324 

9.020 

8,850 

8.890 

8.775 

8.759 

8,096 

19 

:*.335 

8,900 

8,690 

8.  ■’21 

8,598 

8,621 

7, MS 

20 

7,549 

8.8‘*9 

8.713 

8.750 

8,665 

8,635 

8.109 

21 

7.818 

8 . 820 

8, ■’93 

8,841 

8,803 

8. ■*44 

8,213 

22 

7,528 

8,298 

8,292 

8.3*6 

8 ,414 

8,361 

7,830 

23 

6.926 

7.5'”’ 

7.593 

*.6*4 

■’.*53 

*’.■’53 

7,216 

24 

6,418 

6.909 

6.953 

6.959 

*’.088 

*,050 

6.738 

Total 

1,326,255  megatoatt  hours 

Week  Vv 

Average : 

7,894 . 5 ihegawatt 

-hours 

Table  13 

Regional  Hourly  l.oad . lU't. 

ember  1965, 

2olumbia-North 

Pacvfvc  Regvon 
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20 
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21 
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23 
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24 

*.546 
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Tot.il 

1,538,569  meg.u*.it  1 -hours 

ih  Average 

9,158.2  t 

- hours 
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The  total  of  the  region's  electric  generatinj;  capacity  as  of 
I'ecemher  31,  10(i‘.' , was  18,iU>3  mejjawatts,  installed  at  180  plants. 
Well  over  oo  percent  of  this  capacity  is  hydroelectric.  With  the 
excejition  of  the  800  megawatt  Hanford  nuclear  plant,  most  of  the 
thermal  capacity  is  old  and  normally  used  only  as  reserves.  In 
addition,  there  is  under  construction  8,353  megawatts  of  capability, 
about  70  percent  of  which  is  hydroelectric.  A large  share  of  the 
hydro  capacity  currerUl>-  under  construction  consists  of  expansion 
of  existing  jirojects.  I'wo  Large  thermal  plants  arc  under  construc- 
tion, the  coal-fired  1,400  megawatt  Centralia  plant  and  the 
1 , 10t>  megawatt  nuclear  Trojan  plant,  near  Rainier,  Oregon. 

About  h.alf  of  the  existing  capacity  of  the  region  is 
installed  at  T'cderal  multipurpose  hydro  projects.  All  but  a few 
mitior  plants  are  a part  of  the  I'ederal  Columbia  River  Power  System, 
whose  production  is  marketed  by  the  Bonneville  Power  Administration. 
The  BPA  transmission  grid  interconnects  .all  of  the  System  plants 
except  five  Bureau  of  Reclam.ation  plants  located  in  southern  Idaho. 
In  addition  to  the  8,49b  megawatts  of  existing  capacity,  there  are 
",263  megawatts  of  Federal  hydro  capacity  under  construction.  ITie 
Federal  Columbia  River  Power  System  projects  .are  summarized  on 
t. able  14. 


The  balance  of  tlie  region's  power  resources  is  under  the 
ownershi[i  of  the  public  .and  priv.ate  utilities.  Table  15  summarizes 
all  of  the  region's  ]iower  resources  by  iitilit\’. 

The  non-Feder.al  utilities  within  the  tiolumhia-North  Pacific 
Region  have  120  hydroelectric  jirojects  with  an  inst.alled  hydro- 
electric capacity  of  about  9,188  megawatts.  Added  capacity  of 
501.6  megawatts  is  being  inst.alletl  .at  the  Rocky  Reach  project  of 
Chelan  County  PHI).  The  non-Tcderal  utilities  have  29  thermal 
electric  plants  with  an  inst.alled  cap.acity  of  1,239  megawatts  of 
which  64  percent  is  .at  the  nuclear  plant  at  Hanford.  The  remaining 
plants  operate  only  in  years  when  the  power  system  apjiroaches  a 
deficiency  condition.  These  generating  c.apacities  are  summarized 
by  ut  i 1 i t i es  on  t ah  1 e 15. 

The  bulk  of  the  generating  cajuicity  of  the  are.a  lies  on  the 
main  Columbia  River  where  the  [il.ants  .are  both  Federally  and  non- 
Feder.al  ly  owned.  The  firm  cajiab  i 1 i t i es  of  these  plants  .are  greatly 
enhanced  by  reservoir  storage.  T.able  16  is  a summary  of  the  reser- 
voirs which  provide  this  regulation,  their  progr.ammed  stor.age 
relc.ase,  and  the  gain  in  energy  which  they  ]irovide  over  tlie  8-month 
critical  streamflow  jH'riod  at  site  .and  to  downstream  plants  under 
1968-69  conditions.  The  firm  power  capability  of  the  region, 
particularly  on  the  main  Columbia  River,  is  greatly  enhanced  by 
reservoir  stor.age.  Table  Ki  summarizes  the  reservoir  stor.age  of 


1 9 


Kith  tlic  jH)wc'r  stora^o  on  table  l(i,  all  power  capability  of' 
the  region  can  be  fittetl  to  firm  loail  with  recurrence  of  historical 
streamflows  over  the  periotl  August  16,  l'.)o(>,  through  April  15,  1937. 
Mien  Mica  Reservoir  is  coinpleteil,  this  critical  period  will  extend 
to  a period  at  or  near  the  13  months  of  September  1928  through 


the  Columbia  River  Power  System.  As  shown,  the  total  usable  storage 
at  33  reservoirs  is  28,169,000  acre-feet.  All  this  storage  is  oper- 
ated in  ilirect  coordination  for  the  Columbia  River  Power  System. 

In  addition,  there  are  reservoirs  less  ilirect  ly  coordinated,  but 
which  nevertheless  provide  power  benefits  from  storage.  'linor 
miscellaneous  storage  is  operated  b\’  the  power  utilities  and  power 
storage  in  the  following  amounts  i s operated  by  the  Bureau  of  Recl.'imation 
■at  reservoirs  constructeil  princijially  for  non[iower  purposes. 


Tot.il 


2, 118, (too  acre-feet 


Pa  1 i saiies 
American  Palls 
Mini doka 
Aiulerson  Ranch 
Cascade 


1,202,000  acre-feet 
■15,000  acre-feet 

95,000  acre- feet 
■123,000  acre- feet 

653,000  acre- feet 


Tahle  14  ■ i-rJcral  Columhia  Hiver  Toteer  Syste*  (.encraj  Specifications,  Projects  Existing, 
Under  Construction  and  Authorized  Saiscplate  Rating  of  Intallations  as  of  (icccmher  iU  , 1969 
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(.l--(.orps  of  Engineers;  BR--Burcau  of  Reclamation. 

Includes  three  service  units  and  increase  of  1**,000  each  for  four  rewound  mam  units. 
Includes  an  increase  of  1?,00U  kw  each  for  14  units  to  he  rewound  .ind  six  bOO.OOO  kw  uni 


l{>fiTtc»t  lOo  t(i  (cderftl  fo*>cr  CoMit>' 


March  1932.  Studies  show  that  hydroelectric  capability  outside  this 
period  will  be  no  less  than  this  critical  period  capability.  In 
many  months  there  will  he  considerable  additional  energy  to  meet 
secondary  loads. 

As  all  generating  utilities  in  the  west  part  of  the  region 
operate  in  close  coordination,  their  capabilities  under  such  coordi- 
nation measure  the  loads  that  they  can  carry.  Table  16  shows  that 
these  ut i 1 i t ies  had  a collec'.ive  firm  energy  load  carrying  capability 
for  the  1969-79  contract  year  of  11,611,100  average  kilowatts.  This 
is  for  a critical  storage  release  period  of  August  16  through  April  15. 
As  there  is  a 683,300-kilowatt  surplus  of  peaking  capability  in  the 
system,  while  energy  loads  and  resources  are  in  balance,  this  energy 
capability  measures  the  firm  load  that  the  system  can  carry.  TTie 
amounts  for  individual  utilities  on  table  17  reflect  sales  of  firm 
power  between  the  utilities  and,  therefore,  are  not  a measure  of 
individual  utility  generating  capability. 


lablf  lb  - ^tora^e  Ki'scrvoi  . Columhi.i  Uivcr  Power  System,  11)70-71 
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The  system  operated  by  the  parties  to  the  Coordination 
Agreement  is  smaller  than  the  region  in  that  the  hydroelectric 
resources  in  southern  Idaho  are  omitted.  Adding  the  capability  of 
Idaho  I’ower  Company  and  the  Federal  Upper  .Snake  River  projects  in 
the  amount  of  827,000  kilowatts,  the  firm  energy  load  carrying 
capability  of  the  Columbia-North  Pacific  Region  for  1969-70  is 
12,4.^8,100  kilowatts. 
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FlXISTINd  TRANSMISSION  FACILITIHS 

A vast  network  of  transmission  circuits  links  generating 
plants  to  load  centers  in  the  region.  Transmission  circuit  voltages 
range  from  69  kilovolts  to  500  kilovolts.  In  some  areas,  the  lower 
voltage  circuits  may  be  considered  transmission  circuits,  while 
circuits  of  the  same  voltage  in  other  areas  are  considered  to  be 
subtransmission  or  even  distribution  circuits.  In  general,  at  the 
present  time,  circuits  at  the  115-kilovolt  level  and  higher  are 
considered  to  be  transmission  circuits.  Circuits  of  2.50  kilovolts 
and  even  higher  are  coming  into  increasingly  common  use,  however, 
for  intrasystem  and  subtransmission  networks. 

A recent  survey  of  the  systems  of  the  Northwest  Power  Pool 
indicates  approximately  12,000  miles  of  transmission  circuits  rated 
230  kilovolts  or  higher  in  service  in  1967.  Most  of  these  circuits 
are  in  the  Columbia-North  Pacific  Region.  A breakdown  of  these 
circuits  by  voltage  categories  is  as  follows; 
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230  k i lovo 1 1 s -3  15  kilovolts 
500  kilovolts  aiul  highor 


1 1 , 100  mi  Ics 
080  mi Ics 


rhcse  lines  operate  most  of  the  time  without  manual  inter- 
vention through  a highly  sophisticated  communication  system.  For 
example,  it  is  estimated  that  38,000  relays  are  in  service  in  the 
region  to  provide  protection  for  generating  facilities  and 
transmission  circuits. 

8y  the  end  of  1070,  an  additional  3,700  miles  of  transmission 
line  rated  230  kilovolts  or  higher  were  added  to  the  N'orthwest  (Irid. 
Ajiproximatcly  one-third  of  these  lines  were  of  500  kilovolts  or 
higher.  Hus  includes  the  Nortliwest  portioTi,  265  miles,  of  the 
800  kilovolt  d i rect -cur  retit  line  between  The  Dalles  ami  Los  Angeles. 
Right-of-way  reipi i rement s for  these  anti  projected  lines  are  making 
serious  inroads  in  timber,  agricultural,  and  populated  areas. 
However,  the  use  of  higher  transmission  voltages  materially  reduces 
the  land  retpii rement s measured  in  terms  of  acres  per  kilowatt  trans- 
mitted. For  cxami'le,  a 50('-k  i 1 ovo  1 1 line  of  modern  design  will 
transmit  in  the  order  of  five  times  the  power  normally  carried  by 
a 230-kilovolt  line,  with  little  or  no  increase  in  right-of-way 
reipii  rements , 125-150  feet  in  width  for  the  50(l-k  i lovolt  line,  as 
comjKired  with  125  feet  for  the  230-kilovolt  line.  In  addition, 
unlike  right-of-way  for  highw.ays  and  roads,  some  production  can  be 
sustained  on  land  occupied  by  transmission  lines. 

The  location  and  ch.aracteri  st  i cs  of  the  hydro  power  supply, 
the  interdependence  of  electrical  ;inil  hydraulic  coordination  and 
the  many  transactions  between  systems  in  the  form  of  sales, 
purchases,  and  exchanges  h.ive  resulted  in  a multitude  of  inter- 
connections between  the  m.ajor  gener.iting  systems.  Figure  3 shows 
these  interconnections  in  tl  i .igrammat  i ca  1 form.  These  inter- 
connections have  been  made  at  practically  every  transmission  and 
subtransmission  voltage  level.  A few  of  those  which  arc  shown 
were  completed  before  1930.  In  addition  to  these  interconnections 
between  the  major  systems,  tliere  are  many  more  with  the  smaller 
nongencrat ing  systems,  particularly  between  Bonneville  Tower 
Allministration  and  these  systems.  These  additional  interconnections 
are  made  at  all  voltage  levels  but  general  ly  at  or  Ix'low  115  ki  lovolts . 

In  addition  to  the  many  system  interconnections  within  the 
region,  there  .arc  interconnections  with  other  regions.  In  1958, 
the  Northwest  Tower  Tool  was  interconnected  with  the  Rocky  Mountain 
Tower  Tool.  Further  interconnections  were  made  in  1964,  when  the 
Tacific  .Southwest  .and  New  Mexico  areas  were  interconnected  with  the 
Northwest  Tower  Tool  and  the  Rocky  Mountain  Tower  Tool.  The  inter- 
connection of  western  systems  was  furthered  substantially  when  the 
large  capacity,  extra  high  voltage  interties  with  the  Tacific 
Southwest  were  completed.  Of  these  intcrtics,  two  arc  of 
500  kilovolt  alternating  current  and  a third  is  .an  800  kilovolt 
direct-current  line. 
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FIGURE  3.  Northwest  Power  Pool  Interconnections  as  of  Decenil)er  31,  1969 
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riu'  liru'S  permit  sales  of  surplus  Northwest  secondary  energy 
and  peaking  capacity  to  the  Soutliwest.  lixchange  of  capacity  between 
the  two  regions  to  take  advantage  of  seasonal  differences  in  load 
will  provide  substantial  advantages  to  lioth  regions.  The  exchange 
of  Pacific  Northwest  capacity  for  Pacific  Southwest  energy  will 
effect  savings  in  capital  cost  for  the  Southwest  utilities  and 
increase  tlie  firm  power  available  in  the  Northwest.  Off  peak  steam 
energy  from  the  Southwest  will  enable  the  Northwest  to  firm  up  some 
3.S0,000  kilowatts  of  secondary  energy,  i'hc  lines  also  make  it 
possible  for  the  utilities  which  have  purchased  Canada's  share  of 
the  treaty  power  to  sell  this  power  in  the  Southwest  subject  to 
recall  as  needetl  in  the  Northwest. 


COORD INATCl)  SYSTHM  OPHRATION 

Coordinated  system  operation  had  its  beginnings  in  the  early 
transmission  interconnections  between  utilities.  These  provided  the 
physical  opportunity  for  voluntary  coordination  through  a power 
pool.  Such  voluntary  coordination  culminated  in  1964  in  three 
accomp 1 i shments  which  greatly  expanded  the  scope  of  power  operations 
and  will  vastly  affect  the  flow  regimen  of  the  Columbia  River.  The 
three  were  (1)  ratification  of  the  Columbia  River  Treaty  by  Canada, 
f2)  authorization  of  the  Pacific  Northwest -Paci fi c Southwest  high 
voltage  transmission  interconnections,  and  (3)  the  Pacific  Northwest 
Coordination  Agreement.  These  actions  should  not  be  viewed  in 
isolation  but  are  in  fact  closely  interdependent.  Ibe  time  schedule 
for  completion  of  each  was  geared  to  the  accomplishments  expected 
of  the  other  two. 


The  Northwest  Power  Pool 


The  Northwest  Power  Pool  was  formed  during  World  War  II  as 
a result  of  an  order  by  the  War  Production  Board  for  interutility 
cooperation  to  increase  power  generation  for  industrial  production. 
This  operation  proved  so  successful  that  it  has  been  expanded  to 
include  virtually  all  of  the  major  generating  utilities  in  the 
Columbia-North  Pacific  Region  and  British  Columbia.  There  were 
beginnings  of  poole<l  operation  in  the  Northwest  considerably  before 
that  time,  however.  In  1923,  the  Seattle  and  Tacoma  municipal 
systems  were  linked  together,  as  were  Tlie  Washington  Water  Power 
Company  and  The  Montana  Power  Company.  Further  interconnections 
were  made  through  the  years  so  that  by  the  time  the  War  Production 
Board  order  was  issued,  a fairly  effective  regional  transmission 
system  was  in  existence.  The  construction  of  the  Federal  grid  by 
the  Bonneville  Power  Administration  further  strengthened  the  system. 

'llie  Power  Pool  is  a voluntary  organization  whereby  the 
generating  facilities  of  the  members  are  operated  together  in  a 


coordinatini  manner  so  that  the  regional  load  can  he  met  most 
efficiently.  Operating  programs  are  [>  repared  anniial  ly  on  the  basis 
of  the  utilities'  forecasteil  loads  and  available  resources.  In 
19(>4,  to  conform  to  the  re(|u i rement s of  the  Canadian  Treaty,  many  of 
the  coordinated  operating  procedures  of  the  I’ower  I’ool  were  formalized 
as  a part  of  the  Tacific  Northwest  Coordination  Agreement,  which  is 
discussed  in  detail  hater.  Although  not  all  members  of  the  Power 
I’ool  are  signatory  to  the  Coordination  Agreement,  the  terms  of  the 
agreement  must  be  fulfilled  by  the  Power  Pool  in  proj)aring  its 
annual  operating  (irogram.  In  fact,  the  same  load  and  resource 
data  and  system  analysis  serve  as  the  basis  of  both  the  Power  Pool 
and  Coord  i n.it  i on  Agreement  operating  programs. 

The  actual  day-to-tlay  operations  of  the  Pool  are  carried 
out  by  agreements  and  understandings  between  the  respective  power 
dispatchers,  power  scheduling,  and  other  operating  personnel.  As 
an  adjunct  to  the  operating  program  activities,  the  Pool  performs 
certain  other  mutually  beneficial  functions,  examples  are  the 
emergency  load  dropping  program,  coordination  of  maintenance 
outages,  various  tN^pes  of  testing  programs,  and  an  annual  review 
of  operations. 


r-'i  IT  ;rr-rf  <r»,  ‘ >iu  .T.  Tr?  • { ’ /hf/  if  tu  t»  tnj  .i« f r»  r- 
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Wostorn  Systems  (!(H)ih1  i nat  i ii^  llounci  1 

Work  of  ttu’  IVfstorn  Systems  (loord  i n.i  t i iig  (iounci  1 iK'jjrin  in 
the  fall  months  of  l‘H)7.  Membership  of  tlie  council  consists  of 
SH  systems  with  large  capacity  generating  facilities  and  trans- 
mission circuits  that  serve  S(>  million  people  having  an  electric 
power  ilemand  in  HUi;)  of  a]iproximate  ly  l‘t  million  kilowatts.  The 
council  members  cover  all  or  part  of  l.S  western  states  and  British 
Columbia  with  high  voltage  transmission  loops  extending  2,700  miles 
around  the  perimeter  of  the  area. 

\ primary  function  of  the  council  is  to  protide  to  each 
member  a source  of  additional  generating  reserve  capacity  from 
neighboring  systems.  Creator  use  of  the  more  efficient  generating 
facilities  is  jirovided.  Cre.ater  flexibilitt-  is  achieved  in 
programming  maintenance  work.  Coordinated  scheduling  of  future 
generating  facilities  permits  the  onh.inced  economies  of  larger 
generating  units.  These  benefits  collectively  result  in  reduced 
ca]iital  and  operating  costs. 


Work  of  the  council  is  nchieved  through  an  hxccutive 
Committee,  plus  committees  on  Operations,  (Manning  Coordination, 
f.nv  i ronment , and  I’uhlic  Information.  The  council  maintains  liaison 
with  the  Western  Conference  of  Public  Service  Commissions  and 
through  its  operating  commi  t tee  w ith  tJie  Mid  Cont  inent  Area  He  1 i ah  i 1 i ty 
Coordination  Agreement  (MARCA)  on  operation  of  the  east-west 
transmi ss i on  interconnect  ion . 


Columbia  River  Treaty 

Following  a long  series  of  negotiations,  the  Columbia  River 
I'reaty  was  entered  into  by  Canada  and  the  United  States  in  .January 
1961.  'Die  final  step  in  implementation  of  the  treaty  occurred  on 
October  1,  1964,  witli  the  payment  to  Canada  of  $254  million  for  its 
share  of  the  downstream  benefits  resulting  from  construction  of  the 
treaty  reservoirs.  In  late  August  of  that  year,  the  Coordination 
Agreement  was  signed  about  the  same  time  that  Congress  was  acting 
on  the  Pacific  Southwest  interconnection.  Tlie  treaty  provides  for 
Canada  to  build  three  reservoirs;  Duncan,  Arrow  hakes,  and  Mica, 
with  a total  storage  of  15.5  million  acre-feet  usable  for  improving 
streamflow  in  the  United  States.  Construction  of  these  projects  is 
to  be  completed  within  9 years  after  the  ratification  date.  In 
addition,  Canada  is  to  provide  the  lands  and  prepare  the  reservoir 
site  for  the  Canadian  portion  of  the  Libby  reservoir. 

In  return  for  benefits  received,  the  United  States  is  to 
give  Canada  one-half  the  dependable  capacity  and  one-half  the  energy 
gained  in  the  United  States  as  a result  of  Canadian  storage.  The 
benefit  is  to  be  determined  by  "first  added"  computations  which  are 
described  in  the  treaty.  The  United  States,  in  addition,  is  to  pay 
Canada  at  the  time  of  commencement  of  operation  of  each  of  the 
three  reservoir  amounts  totaling  $64,400,000  for  flood  control 
benefits  derived  in  the  United  States  over  the  treaty  period. 

Following  ratification  of  the  treaty  by  the  United  States, 
changing  conditions  in  Canada  made  ratification  by  Canada  increas- 
ingly difficult.  Other  new  capability  made  the  power  surplus  to 
the  needs  of  British  Columbia  and  suggestions  for  sale  outside  the 
Province  had  not  been  received  frivorably.  In  the  end,  however, 
arriingements  were  completed  in  .January  1964,  for  operational 
assurances,  assurances  that  the  United  States  would  use  its  best 
efforts  to  raise  the  $254  million  for  purchase  of  the  Canadian 
share  of  the  benefits,  and  for  the  Protocols  necessary  to  clarify 
certain  treaty  provisions.  Subsequently,  the  utilities  in  the 
•Northwest  and  the  Federal  agencies  directly  concerned  with  ]iower 
worked  continuously  to  complete  all  interrelated  agreements 
necessary  to  effect  sale  of  the  entitlement  by  October  I,  1964. 

The  sale  extends  through  the  year  2002  to  200.5,  when  the  last 
power  benefits  under  the  treaty  accrue. 
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As  shown  aiTablo  Ih,  Arrow  anti  Duncan  reservoirs  constructed 
under  the  treaty  presently  provitle  8,5S(),000  acre-feet  of  stora>>e 
usable  for  power  j;eneration.  When  Mica  Reservoir  is  completed,  the 
three  treaty  reservoirs  will  provitle  20,500,000  acre-feet  of  active 
storaj;e.  Of  this  storage,  15,500,000  acre-feet  are  provided  by  the 
treaty  for  jiower  use  in  the  llnitetl  States.  Mica  reservoir  is 
scheduled  for  initial  operation  in  April  1975.  The  treaty  permits, 
in  addition,  the  completion  of  l.ihhy  project  in  the  United  States, 
with  active  capacity  of  4,9()5,000  acre-feet  on  condition  that  the 
reservoir  he  available  for  filling  in  the  spring  of  1972. 


Raci  f i c Northwest  -I'ac  ific  South  west  1 n t e r t i c 

As  the  power  jiurchased  from  Canada  will  he  surplus  to  needs 
of  the  Pacific  .Northwest  in  e;irl\-  years,  the  transmission  inter- 
connection with  the  Pacific  Southwest  became  of  increased 
importance.  As  a culmination  of  years  of  study,  proposals,  ;mil 
counter  proposals,  a recommendation  for  four  high  voltage  lines  to 
the  Southwest  was  presented  to  Congress  by  the  Secretary  of  the 
Interior  on  .June  24,  19(i4.  Further  negotiations  led  to  minor 
amendments  of  .July  21  and  .July  27,  1964,  and  to  the  final  plan. 
Congress  put  its  final  stamp  of  approval  on  the  plan  August  14, 

1964,  and  ajipropriated  funds  to  begin  Federal  portions  of  the  lines. 
As  feasibility  of  the  last  of  the  four  scheduled  lines  was 
incremental  to  that  for  the  preceding  three,  feasibility  was  tested 
by  a favorable  report  furnished  Congress  on  October  7,  19t)4. 

Because  of  indefinite  d.ite  of  completion  of  the  fourth  line,  sub- 
se<|uent  definite  scheduling  of  therm.'i!  generating  plants  in  the 
Pacific  Southwest  preempted  some  of  the  contemji lated  benefits.  As 
a consequence  utilities  of  the  Southwest  announced  on  March  14, 

1969,  their  intention  to  delay  firm  use  of  the  line  until  after 
1977.  Plans  for  completing  this  sfH'cific  line  were,  therefore , 
shelved. 


Pacific  Northwest  Coordinat  ioit  Agreement 

The  third  of  the  i nterre  1 ;ited  .accomplishments  in  19(>4,  which 
control  operation  of  the  Ciolumbia  River's  hydroelectric  development, 
is  the  Pacific  Northwest  Coordination  Agreement.  The  agreement  is 
a contract  for  planned  operation  among  the  major  power  generating 
utilities  of  the  region.  It  became  effective  on  .January  4,  1965, 
and  is  to  terminate  on  .June  .50,  2005.  The  agreement  is  among 
16  parties  controlling  power  generiting  i'acilities  in  an  area  which 
approximates  the  Columbia-North  Pacific  study  are.a. 

The  generating  c.ap.acity  of  the  parties  as  summarized  on 
t.able  18  is  20,205,000  kilow.atts  ;it  109  hydroelectric  plants  :ind 
400,000  kilowatts  ;it  14  the  rma  1 -e  lect  r i c pl.iiUs.  As  defined  by 
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the  contract  the  firm  energy  load  which  the  coordinated  system  is 
able  to  carry  in  1970-71  is  11,611,100  average  kilowatts. 


There  are  22,485,000  acre-feet  of  reservoir  storage  owned 
by  the  parties  and  dedicated  to  coordination  use  subject  to  the 
owning  parties'  primary  use  as  limited  by  the  agreement. 
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Although  the  final  impetus  to  the  coordination  agreement 
stems  from  the  (Canadian  Treaty  and  the  transmission  interconnection 
witli  the  Southwest,  the  basic  causes  for  its  completion  lie  much 
further  in  tlie  past.  I'he  history  of  all  these  would  be  tedious, 
but  a few  of  the  more  important  causes  can  be  listed  as  follows: 

1.  Informal  noncontractual  planning  for  operation  through 
the  .Northwest  Power  Pool  established  a useful  pattern  of  cooperation 
among  the  utilities. 


2.  Construction  of  the  Federal  transmission  grid  provided 
a vital  physical  means  for  interchange  of  power  among  utilities. 


7).  Although  the  ownership  of  storage  reservoirs  rested  with 
diverse  utilities,  the  collective  operation  of  these  reservoirs 
determined  the  firm  load  which  the  powerplants  of  the  region  could 
carry . 


( 
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4.  I'hc  i nteriit  i 1 i ty  flow  of'  storage  hcncfits  is  recognized 
i>y  Section  10(f  ) of  the  federal  Power  Act  which  recjui  res  inter- 
utility payments,  with  important  exceptions,  for  storage  benefits. 

5.  Kith  increased  reservoir  storage  the  interconnected 
systems  face  a critical  storage  release  period  extending  beyond  a 
single  year  which  intensifies  the  need  for  interutility  planned 
ope rat i on . 


ti.  Mien  interconnected,  utilities  liave  a reduced  total 
reipiirement  for  generator  reserves. 

A fundamental  concejit  of  the  Coordination  Agreement  is  "firm 
l.oad  Carrying  Cap.ihility"  commonly  abbreviated  fl.CC.  for  the  coordi- 
nated system  of  all  lo  parties,  the  fl.CC  is  the  aggregate  firm  load 
that  the  system  could  carry  under  coordinated  operation  under 
critical  period  streamflow  conditions  and  with  use  of  all  reservoir 
storage.  Critical  period  has  reference  to  the  streamflow  period 
over  which,  if  all  energy  gener.ation  is  fitted  to  load,  there  would 
be  a minimum  capability  to  carry  firm  loail.  During  all  other 
periods  there  would  be  an  additional  margin  of  cajiability,  or 
energy  would  be  retained  in  reservoirs  from  which  such  additional 
margin  could  be  generated. 

In  order  to  accomplish  such  coordinated  operation,  the 
combined  power  facilities  of  the  )iartics  are  operated  to  produce 
optimum  ability  to  carry  firm  load.  f.ach  party  is  entitled  to  a 
! I.CC  equal  to  its  capability  in  the  critical  streamflow  period  of 
the  coordinated  system  with  full  upstream  storage  release,  with 
two  exceptions.  The  exceptions  are  the  reimbursement  of  treaty 
benefits  to  Canada  and  restoration  of  capability  to  parties  which 
suffer  loss  in  critical  period  capability  as  a result  of  the  change 
in  critical  period  cap.ali  i 1 i t\-  brought  about  by  treaty  storage, 
firm  load  carrying  capalnlities  are  sustained  b\’  the  interch.inge 
of  energy  between  parties. 

Prior  to  the  start  of  a contract  year,  a schedule  of  critical 
perioil  reservoir  operation  is  set  up  to  provide  optimum  IT.CC  to  the 
coordinated  system.  from  the  same  operation  an  energy  content  curve 
is  ik-rived  for  each  reservoir.  I'his  curve  represents  a schedule  of 
levels  that  the  reservoir  should  follow  in  order  to  assure  II.CC  for 
the  coordinateil  system,  although  ;uljustments  are  provided  to  reflect 
improved  forec.asted  streamflows  ;is  the  season  ailvances.  If,  as  may 
fre()uently  hapjien,  the  system  recpiires  a planned  cut  back  on 
releases  in  order  to  hold  storage  for  later  use,  thereby  reducing 
the  gener.ation  of  the  storage  owner  and  other  downstream  owners 
below  ll.ee,  these  owners  have  the  right  to  receive  interchange 
energy  from  a p.arty  with  excess  cap.ability.  .Subsec|uent  ly , when 
the  cut-back  storage  is  scheduled  for  release,  the  interchange 
energy  will  be  returned  on  recpicst  of  the  supplying  party. 


Provision  is  made  f'or  payments  for  any  imbalances  in  interchange 
energy  accounts  at  the  end  of  a contract  year. 

Under  the  agreement  a downstream  owner  is  entitled  upon 
recpiest  to  energy  which  he  could  generate  at  his  plants  if  upstream 
reservoirs  released  all  water  above  energy  content  curves.  At  his 
option  tlio  upstream  owner  can  deliver  energy  "in  lieu"  of  such 
water  if  he  has  surplus  energy  and  the  storage  should  he  conserved 
for  later  use. 

llie  agreement  also  provides  for  the  storage  of  surplus 
energy  of  one  p.arty  in  available  reservoir  space  belonging  to  a 
second  party,  i'hc  original  owner  of  the  energy  pays  a storage 
charge  upon  the  return  of  such  energy. 

The  agreement  makes  interconnecting  transmission  facilities 
available  for  coordination  use  subject  to  the  owners'  prior 
recpii  rements . liquitable  charges  arc  provided  for  capacity,  energy, 
transmission,  and  other  services  in  addition  to  the  charges  for 
interchange  and  storage. 

A formula  is  provided  in  the  agreement  for  determination  of 
that  part  of  reservoir  costs  which  will  be  paid  by  downstream  bene- 
ficiaries, based  on  the  improvement  in  these  beneficiaries'  FI.CC 
through  operation  of  the  storage.  I’he  contract  expresses  the 
intent  that  these  payments  discharge  the  obligation  for  payments 
under  .Section  10(f)  of  the  Fciieral  Power  Act. 

The  agreement  also  provides  for  the  determination  of  reserve 
capacity  rc(|ui rements  and  includes  provisions  safeguarding  nonpower 
uses  of  the  water,  including  irrigation,  flood  control,  and  releases 
for  fish  life.  Prior  contracts,  water  rights,  I'ederal  reclamation 
projects,  and  the  rights  of  public  bodies  to  preference  power  are 
also  protected. 


Tin;  iiYimo-Tiii;RMAi.  pkoc.r^m 

I'o  the  present  time,  load  growth  in  the  region  has  been  met 
by  the  construction  of  new  hydroelectric  plants.  Considerable 
feasible  hydroelectric  capability  remains  for  development,  as  is 
discussed  suhsecjuent ly  herein,  but  this  cannot  be  developed  at  a 
rate  which  meets  the  load  growth  of  the  region  which  in  the  10  years 
through  1905  averaged  two  billion  kilowatt-hours  per  year.  I'he 
load  is  expected  to  triple  in  the  next  20  years.  A demand  of  this 
magnitude  is  most  economically  met  by  large  scale  thermal  electric 
plants  integrated  with  hydroelectric  peaking  f.acilities. 

To  meet  the  challenge  of  new  power  supply,  the  .loint  Power 
Planning  Council,  which  is  made  up  of  representatives  from  the 
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utilities  in  the  Pacific  Northwest,  has  established  a plan  project- 
ing the  development  of  about  20  millio?)  kilowatts  of  hydro  peaking 
capacity  and  21.4  million  kilowatts  of  thermal -elect ri c capacity  by 
1990.  The  p Ian,  se lected  from  the  v.arious  alternatives  which  were 
studied,  has  tlie  following  features; 

1.  Non-I-ederal  utilities  will  build  thermal  plants, 
located,  sized,  ami  scheduled  to  best  satisfy  regional  needs. 

2.  Maximum  sized  thermal  plants  will  provitle  limited 
surplus  power  which  will  he  acquired  by  BI’A  on  a short  term  with- 
drawable basis  from  private  utilities'  share  of  power  under  exchange 
arrangements . 

3.  I’ublic  agencies'  share  of  tliermal  plant  capability  will 
be  accjuired  by  BPA  under  a net  liilling  arrangement.  That  is,  each 
public  agency's  share  of  thermal  plant  cost  will  be  offset  against 
amounts  owed  BPA  by  that  customer  under  all  his  obligations  to  BPA. 

4.  The  accpiired  thermal  power  will  be  pooled  with  existing 
Federal  hydropower  and  the  integratoil  product  will  be  furnished  BPA 
customers  at  established  rates. 

5.  Peaking  power,  high  voltage  transmission,  and  forced 
outage  generator  reserves  will  be  jirovided  private  utility  thermal 
plants  from  the  Federal  system. 

fa.  Regional  reserves  for  unanticipated  load  growth  will  be 
provided  by  the  Federal  system. 

The  proposed  hydro-thermal  program  appears  to  be  the  most 
practicable  method  for  providing  an  integrated  power  supply  for  the 
region.  Without  the  necessity  of  additional  legal  authorization,  it 
would  provide  a further  source  of  power  for  the  load  growth  of 
preference  customers.  It  would  allow  the  utilities,  both  those 
jHiblicly  and  privately  owned,  to  construct  the  largest  and  most 
economical  thermal  generating  plants,  provide  minimum  cost  bulk 
transmission  for  both  hydro  and  thermal  power,  and  provide  a power 
supply  for  the  growth  of  e lect roprocess  industries.  It  would 
enhance  use  of  the  Federal  investment  in  hydroelectric  and  trans- 
mission facilities  ami  would  stimulate  continued  economic  growth  of 
the  region.  The  additional  investment  in  electrical  facilities 
including  generation,  transmission,  and  distribution  will  approxi- 
mate Ifa  billion  by  1990.  Approximately  two-thirds  of  this 
investment  will  be  by  non-Feileral  entities  and  about  one-third  by 
the  Federal  Government. 
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IINrri;i)  STATRS  RliQIlIRIiMIiNTS 

lilcctric  power  signifies  convenience,  growth,  dynamism. 
Industrial  growth  during  past  years  has  been  consistent  and  high, 
almost  7 percent  annually.  The  prospect  for  a continuation  of 
steady  expansion  in  future  years  seems  good,  and  the  estimates  are 
made  assuming  such  a continuation.  They  arc  predicated  on  a con- 
clusion to  the  war  in  Vietnam  coujilcd  with  a companion  assumption 
that  the  economy  will  shift  to  other  avenues  of  growth  without  any 
sizable  setback  because  of  a contraction  in  military  spending.  .No 
attempt  is  made  to  forecast  cyclical  variations  in  the  demand  for 
electric  power  even  though  such  oscillations  have  taken  place  in 
former  years  and  are  certain  to  happen  in  the  future. 

Increases  expected  in  the  various  categories  of  electric 
energy  use  are  discussed  in  the  paragraphs  following. 

Domestic  energy  use  in  IDbb  amounted  to  299  billion  kilowatt- 
hours  with  an  average  use  per  customer  of  5,200  kilowatt-hours. 
Continued  growth  in  sales  ami  use  of  all  types  of  appliances, 
particularly  high-energy  recpiirement  devices  such  as  electric 
ranges,  water  heaters,  and  sj>ace  heating  and  cooling  equipment,  is 
expecteil  to  build  annual  residential  energy  requirements  to 
lb, 900  kilowatt-hours  per  customer,  totaling  1,417  billion 
kilowatt-hours  by  1990. 

electric  energy  needs  of  commercial  users  (restaurants, 
hotels,  shops,  etc.l  which  in  19bb  totaled  some  209  billion 
kilowatt-hours  are  also  growing  even  faster  than  our  exploding 
population.  While  not  as  great  in  magnitude  as  residential  usage, 
commercial  re<)uirements  will  increase  at  a higher  rate  and  will 
total  1,142  billion  k i lowatt -hovirs  in  1990.  j 

Industrial  production  of  the  country  should  continue  its 
upward  climb.  "With  an  optimistic  and  growing  population,  there  is 
good  reason  to  believe  the  forecasts  that  by  1980  our  output  will 
be  four-fifths  larger  than  at  present. "(4)  Production  increases 
coupled  with  the  ever-expanding  use  of  electric  power  in  industry 
form  the  basis  for  the  projecteil  industrial  energy  use  in  1990  of 
2,39.5  billion  kilowatt-hours. 

Future  electric  energy  rtapii rements  classified  as  "Other," 
i.c.,  miscellaneous  uses  including  street  lighting,  electrified 
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transportation,  etc.,  arc  estimated  to  increase  at  a rate  roughly 
paralleling  the  growth  in  the  other  classifications  reaching 
2b4  billion  kilowatt-hours  in  1990. 

Table  19  summarizes  projected  energy  rerpnrements  of  the 
Nation  by  classification  at  1 0 -year  intervals,  1970-1990,  inclusive. 
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Regional  annual  energy  re()ui rements  will  increase  from 
■'4,1.’?S  million  kilowatt-hours  in  1965  to  1,096  million  megawatt - 
hours  by  2020.  I'his  represents  an  overall  55-ycar  compound  annual 
rate  of  growth  of  5.0  percent. 


Basic  Assumptions 

Basic  assumptions  for  estimate  of  regional  power  requin'ments 
are  as  follows: 

Population  will  grow  from  5.9  million  in  1965  to  7.5  million 
by  1980  in  the  Columbia-North  Pacific  Region.  By  2020  the  population 
will  be  12.7  million.  During  the  1965-2020  period,  the  compound 
annual  rate  of  growth  will  be  1.4  percent. 

P.mployment  opportunities  through  industrial  diversification 
will  supplement  the  present  natural  resource  based  industries  in 
agriculture,  forest  products,  and  mining.  Regional  growth  will 
assure  an  expansion  ami  greater  employment  opportunities  in  the 
service  industries. 

The  regional  wholesale  electric  power  costs  will  continue 
at  lower  than  national  average  costs  as  an  inducement  to  industrial 
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growth.  I'uture  power  will  be  generated,  in  part,  from  higher  cost 
steam  turbine  generators.  Both  fossil  fuel  fired  plants  and  nuclear 
I^owerplants  will  contribute  to  the  regional  power  supply.  The 
blending  of  hydroelectric  power  with  steam  generation  will  result 
in  a continuing  lower  local  average  w/iolesale  power  cost  compared 
with  the  national  average. 


linergy  Loads  l\v  Consumer  Classifications 

The  projected  power  recpi i rements  reflect  a steady  growth  in 
sales  to  all  major  consumer  classifications. 


Domes t i c 


Ratios  between  ]iopulation  estimates  ami  domestic  customers 
have  been  lieveloped  to  1980  based  on  historical  trends.  Average 
annual  use  per  domestic  customer  will  grow  from  9,46S  kilowatt-hours 
in  19b0,  to  1",70('  kilowatt-hours  by  1980,  based  on  the  major 
appliance  saturation  estimated  in  table  20. 


- i St  in.jtcJ  font  riJnit  i on  of 
*^0  li  «.  t ''cl  \pp  1 1 •mco*'  ti'  lot.il  I't'P'f-.  t I c \\ A- Il<f 


\pp  1 i .UK  C 

I'ont  rihui  ion 

I’t-rcont 

\nniijJ 

to  1 Ot  .1  1 

\pl'  1 J ifK  t 

SiJt  ur  it  1 on 

MVM  lUf 

IKo-Klvtl 

lHiC 

1 111  t r u Ilf. It 

i: 

1 I .onti 

1 ,SJ0 

tv.itiT  IkMtir 

SI 

) .5i>c 

s.? 

1 . UMl 

1 , IbJ 

\ut  ur  .1 1 I c 1 lutulrv 

:>  1 

1 .01)0 

:.iii 

1 ri‘r;i  r • 

j'.i 

■)00 

:m 

\ i r i orul  1 1 1 otu-  r'» 

s 

1 

'5 

\1  I Ilf  luT''  L 

: ,4‘»: 

lof.il  list- 

'1  . 4<->S 

1 ifet  ru  llr.it  ij 

,0(U^ 

5.  lOU 

V\  it*  r lU-.itcr 

T'  .SOO 

4,", SO 

R,inK‘- 

I . ion 

1 ,:.s: 

\ut  on.it  ic  l,.mn»ir> 

I .non 

"SO 

I riTTrrs  .So 

1 .001) 

180 

\i  r f ond  j f 1 i>fU'  T'-  -0 

1 ,S00 

.son 

M 1 Otlu-r^iy 

4,808 

lot  li 

J/  R.jiFio,  T <' lov ) ^ 1 on  , rU'ktric  MinKrts 

h 1 eiuU-  rs  , 

cof  . 

dishuishcr^,  trsp.ins,  irons,  mixer''. 

to.istrrs  . 

.icuum  c Umiuts  , 

By  1980  approximately  26  percent  of  regional  energy  sales 
will  he  to  domestic  consumers,  l-'rom  past  experience,  the  forecast 
domestic  consumption  could  he  conservative.  The  introduction  of 
new  appliances  and  consumer  acceptance  of  electric  space  heating 
could  mean  that  the  1980  estimate  might  be  realized  earlier. 


tiomme  rci  a 1 


Ratios  between  estimated  population  and  number  of  commercial 
customers  have  been  developed  to  1980  based  on  historical  trends. 
Average  annual  use  jie r commercial  customers  will  grow  from 
.86,607  kilowatt-hours  in  1965  to  .approximately  67,200  kilowatt- 
hours  by  1980. 

(iommerci.al  customers  will  require  more  electricity  to  satisfy 
greater  demands  for  improved  lighting,  electric  heating,  and  air 
conditioning,  as  already  evidenced  in  the  newer  shopping  centers. 
Records  for  the  number  of  commercial  establishments  now  having 
electric  heat  inst  al  1 ,it  i ons  are  not  available  but  evidence  of  a 
widespre.ad  and  growing  use  exists.  Competition  will  force  modern- 
ization of  existing  commercial  establishments.  By  1980,  approxi- 
m.ately  1.8  percent  of  regional  energy  sales  will  be  for  commerci.al 
use . 


1 ndust  rial 


No  r.atios  between  [copulation  and  industrial  customers  were 
developed.  There  is  little  reliability  on  the  number  developed  and 
no  assurance  on  the  size  of  the  industrial  [clants. 

Average  energy  use  per  industrial  customer  is  of  dubious 

v. ilue  in  forecasting  due  to  witle  variation  in  consumption  among 
individual  customers.  Instead,  the  total  dem.and  for  this  category 

w. as  developed  b.asetl  on  potential  growth  of  industries  likely  to 
ex|iand  or  initi.illy  ojierate  in  the  area.  Industri.al  sales  will 
represent  56  percent  of  the  total  regional  energy  sales  by  1980. 
This  is  slightly  higher  than  the  national  total  due  to  electric- 
[crocess  industries  locating  in  the  Pacific  Northwest.  Creater 
energy  input  [cer  unit  of  jeroduct  in  the  forest  products  industries 
and  pulp  and  paper  manufacturing  is  forecast.  Higher  metal  [irices 
.and  extensive  mineral  reserves  will  sustain  continued  mining  and 
refining.  M.anufacturi  ng  in  the  .aerosjiace  itulustries  will  continue 
.at  .a  high  level.  The  regional  advantage  of  available  lower  cost 
power  will  attract  more  of  the  alviminum  and  other  electroprocess 
industries.  Other  electroprocess  industries  forecast  for  the  area 
incliule  m.agnesium  ami  titanium  production. 
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1 r r i ^ a t i on 


As  ,'ukl  i t i c)ri,i  1 l;uuls  .irc'  l)rouf’lit  under  irrigation,  [)owcr 
loails  v\  i 1 1 incroaso  sutis  t ant  i a 1 ly  for  this  purpose.  During  1966, 
7..1  million  acres  were  irrigated  in  tlu'  region, of  which  1.8  million 
were  sprinkler  irrigated.  By  1980,  10.1  million  acres  will  he 
reipiireil  to  meet  future  needs,  of  which  4.7  million  will  he 
sprinkler  irrigated.  Much  of  the  new  land  is  at  higher  elevations, 
rcnpiiring  greater  pumping  loads.  By  1980,  apin'oxi.mate !>■  4 percent 
of  regional  e!ierg>-  sales  will  he  for  irrigation  use. 


■Street  ami  lliginvay  l.i  gh  ting 

(irowth  c.an  be  e.xpected  in  street  and  highway  lighting.  .More 
e.xisting  avenues  will  have  street  ligliting  installations  to  improve 
community  safety.  New  highways  will  re<piire  greater  illumination. 
\|ipro.ximatel>-  one  [percent  of  total  sales  were  in  this  category  in 
1965.  Forecast  1980  sa.les  will  be  double  this  level  but  will  still 
represent  one  percent  of  total  sales. 


Fosses  .and  .Annual  l.oad  Factors 


I'ransmi  ss  i on  losses  as  .a  percent  of  total  power  generated 
for  the  ]iub  I i c suiijily  were  id  percent  during  1965.  By  1980,  erierg)’ 
losses  will  double  but  will  be  a[ipro.ximate  ly  9 percent  of  the  total 
power  generated.  The  decline  in  loss  ratio  is  consistent  with  the 
utilitN-  industry  experience  both  n.ationally  .and  locally.  The  change 
in  loss  ratios  in  the  area  will  be  due,  in  part,  to  the  greater  use 
of  higher  voltage  lines  during  the  1970's.  As  more  of  the  higher 
voltage  lines  are  used,  the  loss  ratios  will  decline.  In  time,  as 
load  growth  absorbs  the  extra  cap.acity  of  these  lines,  there  will 
be  a tendency  for  loss  ratios  to  increase.  Another  factor  will  be 
the  location  of  new  steam  electric  plants  closer  to  load  centers 
recpiiring  shorter  t r.ansmi  ss  i on  distances. 

The  average  of'  the  .annua!  load  factors  tiuring  the  1955-65 
period  was  ()(> . 7 percent  with  .a  standard  ileviation  of  2.7  percent 
i/i  the  Pacific  Northwest  .ar(\a.  Th.it  is,  two-thirds  of  the  time  the 
annual  load  factors  were  within  tlie  range  of  64.0  through  69.4  percent. 
A le.ast  sipiares  trend  line  foi'  the  jieriod  indicates  a ileclining 
load  f.actor  in  thi'  area.  I'h  i s is  contr,ar\'  to  tlie  nation.al  experi- 
ence in  recent  years  where  the  annual  loail  factor  has  been  increas- 
ing. In  a limited  sample,  one  or  two  unusual  occurrences  c.an 
substantially  influence  the  trend  line.  During  the  1955-()5  p<'rioi.l 
the  unusu.al  ly  cold  December  occuri'ed  l.ate  in  the  period  and  the 
unusually  mild  December  occurred  e.irlier.  Had  these  instances  been 
reversed,  the  trend  would  not  be  as  pronoinicetl . Ailjusting  these 
2 years  to  near  normal  conditions,  there  is  still  a slight  decline 
not  i ce.ib  le  . 
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Asiik'  from  historical  evidence  as  an  aid  in  determining 
future  annual  load  factors,  consideration  of  the  com[)osition  of 
future  electric  loails  gives  some  Justification  for  a nea  r stat  ic  or 
^lightly  declining  trend  in  annual  load  factors  in  the  area  through 
the  year  JOdO.  I'.xtensive  electric  space  heating  is  anticipated; 
hut  extensive  summer  air  conditioning  to  offset  this  lower  load 
factor  seasonal  service  is  not.  However,  utility  promotion  of  more 
air-conditioning  sales  may  he  expected.  Irrigation  loads  will  be 
greater.  The  high  loail  factor  electroprocess  industry  served  in 
the  area  suhst ant i ;i  1 ly  influences  the  annual  load  factor.  During 
11H)5,  a]iproximatel>'  one-fifth  of  the  area  energy  load  comjirised 
this  class  of  service.  Hy  2020,  with  the  growth  of  sales  to  other 
classes  of  service  the  ratio  of  electroprocess  industry  load  to  the 
total  will  ilecrease.  fhis  can  cause  the  annual  load  factor  to 
decline.  Hie  conclusion  made  for  this  forecast  is  that  annual  load 
factors  ilecline  from  (>5  percent  in  1065  to  64  percent  hy  1080. 

This  same  ;innu;il  load  factor  was  used  for  the  subsequent  period 
through  2020. 


lot  a 1 \nniial  aiul  Monthly  Loads 

l.stimates  of  [uiwer  recpi i rements  for  the  years  2000  and  2020 
have  not  been  developed  in  det.ai  1 . Hrowth  rates  paralleling  the 
Pacific  Northwest  area  forecast  used  by  the  Pacific  Northwest 
Utilities  Conference  Committee  (201  were  used  as  guidelines  in  the 
extension  to  the  year  2020.  Regional  loads  for  the  years  1065, 
1080,  2000,  and  2020  are  shown  in  table  22. 

l or  comparative  purpose.s , selected  annual  rates  of  growth  in 
electric  power  re(ju i rements  for  the  Pacific  Northwest  are  as  follows 
in  percent  for  designated  periods. 

Actual  - - 


1055- 1065 

5.6 

1060-  106.5 

6.5 

orecast-- 

1065-1080 

6.5 

1080-2000 

4.7 

2000-2020 

4.2 

1065-2020 

5.0 

Regional  monthly  peak  and  energy  load  patterns  were 
constructed  by  using  the  index  shown  in  table  21.  This  iiiilex  is 
b.ased  on  the  monthly  loail  patterns  developetl  by  the  utilities  in 
the  area  atid  used  in  a recent  Pacific  Northwest  Utilities 
Conference  Committee  report  (4).  ihe  iiulex  was  used  for  the  years 
1080,  2000,  and  2020  in  table  2.5  to  show  regional  monthly  peak  and 
energy  re<pi i rement  s . 
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There  are  other  I’acit'ic  Northwest  area  load  forecasts.  These 
differ  because  of  ilesignated  service  areas  or  date  of  preparation. 
Oie  I'acific  Northwest  Utilities  Conference  Committee  West  Group 
I'orecast  (PNUCC)  report  prepared  jointly  hy  major  utilities  with 
generation  in  the  region  has  been  a basic  planning  document  and  is 
revised  annually.  The  Columbia-North  Pacific  Region  service  area 
is  larger  than  the  P.NDCC  area  because  all  of  Idaho  and  Western 
Montana  and  minor  parts  of  Nevada  and  Wyoming  are  included.  However, 
loads  used  in  the  Columbia-North  I’acific  Region  report  are 
comparable  with  the  PNIICC  (1968)  report  when  ajipropriate  adjustments 
are  made.  federal  Power  Commission  forecasts  follow  designated 
"I’ower  Supply  Areas"  and  do  not  coincide  with  either  of  the  above 
designated  areas.  For  longer  range  planning  purposes  one  load 
forecast  is  generally  used  rather  than  a "high"  and  "low"  range. 
Because  of  substantial  differences  in  population  forecasts  for  two 
of  the  subregions,  preparetl  hy  different  jtlanning  groups,  this 
report  departs  from  this  procedure  and  shows  two  load  levels  for 
the  years  2000  and  2020. 

The  Columbia-North  I’acific  rc])ort  used  population 
projections  prepared  by  the  Office  of  Business  Fconomics  of  the 
II.  S.  Department  of  Commerce.  Higher  population  projections  were 
jirojioseil  by  Regional  economic  Studies  Technical  Committees  for 
the  Puget  and  Willamette  Basin  investigations. 
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The  growth  in  elootric  power  requirements  in  the  region 
will  result  in  a large  sustained  investment  in  power  generating 
facilities.  The  requirement  of  312  billion  kilowatt-hours  by  2U00 
IS  approximately  equal  to  the  power  requirements  of  the  entire 
United  States  in  1953,  shown  by  table  2.  Ihe  new  generation  to 
meet  this  load  growth  by  2000  exceeds  the  installed  generation  of 
any  country  in  the  world  except  the  United  States  or  the  Soviet 
Union.  The  significance  of  this  growtli  to  basin  planning  lies  in 
the  impact  of  liydroe  lect  ri  c jilants  on  river  development  and  in  the 
large  water  requirements  for  cooling  thermal  generating  plants. 


L Li. Cl  R IT  RUhLR  RLSUURTLS 

At  present  the  region's  power  requirements  are  supplied 
almost  entirely  from  hydro  generation.  Most  of  the  economically 
feasible  hydro  energy  in  the  region  is  provided  by  tiie  hydroelectric 
plants  existing  and  under  const ruct ion.  Ihe  remaining  unconstructed 
hydro  projects  are  of  smaller  size  and  cannot  be  completed  at  a rate 
sufficient  to  meet  the  growth  of  energy  load.  Opportunities  remain 
for  construction  of  liydro  peaking  capability  somewhat  further  into 
the  future.  The  load  whicli  the  hydroelectric  resources  are  unable 
to  meet  will  be  supplied  by  thermal  electric  generation.  In  keep- 
ing witli  the  past  pattern  of  cooperation  in  the  region,  and  for 
maximum  economy,  these  thermal  plants  will  be  provided  by  coopera- 
tive investment  by  both  public  and  private  utilities. 


Hydroelectric  Resources 

m - 

In  the  past,  the  main  source  of  electric  energy  in  the 
Racific  .Northwest  has  been  its  hydroelectric  resources,  ihe 
rapidly  growing  population  and  expanding  economy  liave  accelerated 
hydroelectric  development  to  the  extent  that  a substantial  part 
of  the  region's  economic.-il  hydro  sites  will  soon  be  developed,  and 
the  region  will  have  to  turn  to  thermal-electric  sources  to  serve 
the  bulk  of  tlie  base  energy  load  growth.  Although  tlie  number  of 
remaining  economical  sites  decreases  as  development  lakes  place, 
the  gradual  shift  to  a liydro- thermal  system  will  increase  tlie 
demand  and  value  of  hydro  pe.iking  capacity.  It  may  be  expected 
that  many  projects  which  formerly  proved  to  be  marginal  or 
uneconomical  under  liigher  plant  factors  will  be  reconsidered  as 
sources  for  low  load  factor  pe.aking.  In  addition,  tlie  increasing 
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Jcmands  for  additional  water  resource  development  projects  to 
satisfy  tlie  growing  needs  for  municipal  and  industrial  water, 
irrigation,  water  quality,  recreation,  fish  ;md  wildlife,  and 
flood  control  will  provide  many  opportunities  for  including  hydro- 
electric power  as  a project  function,  .\mong  the  major  basins 
where  little  or  no  water  resource  development  has  been  accomplished 
are  the  Salmon  and  Clearwater  rivers.  Uthers  of  lesser  magnitude 
are  the  .John  bay,  Wenatchee,  Snoqualmie,  and  the  Upper  Snake  River 
and  tributaries.  Major  undeveloped  sites  also  remain  on  the  Middle 
Snake,  Mathead,  Kootenai,  and  Middle  Columbia  rivers. 

In  addition  to  the  construction  of  new  conventional  hydro- 
electric projects,  tliere  are  a number  of  other  ways  by  which  ti’.c 
hydroelectric  resource  base  of  the  region  can  be  improved.  Ihe 
value  of  the  existing  hydroelectric  generation  can  be  increased 
by  modifying  the  regulation  of  reservoirs  to  permit  the  optimal 
utilization  of  both  the  hydroelectric  and  thermal  generation 
resources  of  the  region.  Ihe  way  in  whicli  this  regulation  is 
carried  out  v.ill  gradually  cliange  as  r!ie  proportion  of  tliemal  to 
hydro  geneiation  cliinges.  In  addition,  valuable  peaking  capacity 
can  be  obtained  by  adding  units  at  existing  plants  and  through  the 
construction  of  pumped-storage  projects. 


Invertorv  of  Potential  Projects 

Ibis  section  presents  an  inventory  of  the  identified 
P’Otential  conventional  hydroelectric  projects  located  in  the  river 
basins  cited  above.  It  is  emphasized  here  that  the  inclusion  of 
any  projci.t  plan  or  proposal  in  tliis  report  does  net  constitute  an 
in;plied  preference  and,  furtlier,  that  the  omission  of  any  project 
or  proposal  does  not  constitute  an  implied  rejection  of  those 
projects.  It  is  recogi.ized  that  some  of  the  projects  listed  could 
have  a detrimental  effect  o;i  fisli  anu  wiidlife  populations.  Others 
ma>'  conflict  with  existing  or  proposca  plans  for  the  use  of  t!ie 
site's  land  and  water  resources.  Her  these  reasons,  certain 
agencies  and  other  organizations  have  gone  on  the  record  as  opposing 
a number  of  the  projects  listed  in  the  inventory.  It  is  impossible 
to  identify  all  of  the  possible  conflicts  on  a project-by-project 
basis  as  in  many  cases  the  information  is  not  available.  However, 
the  fact  that  these  potential  conflicts  could  exist  siiould  be  kept 
in  mind  and  given  consideration  in  plan  formulation  and  detailed 
project  studies. 

fhe  project  descriptions  are  arranged  b>  subregion  and  ‘.he 
sources  of  data  are  indicated  by  reference  numbers  at  the  em.1  of 
the  project  descriptions.  Ihe  tabul ated  data  summaries  prepared  for 
most  of  tile  subregion's  list  project  average  annual  energy  based 
on  2010  irrigation  depletions  and  maximum  plant  capabiliti’  (.overloudj 
under  ultimate  development.  IhiS  is  usually  15  percent  greater  than 
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FIGURE  5 


installed  (nameplate)  capacity.  I'igure  5 shows  the  location  of  the 
existing  and  potential  projects  of  tlie  region  having  a capacity  of 
5,000  kilowatts  or  more,  figure  (>  shows  these  projects  in  profile 
f orm . 


Siiliregion  1,  Clark  fork-Kootenai -Spokane 


Clark  fork  River  The  Clark  Fork  River,  known  as  the  Pend 
Oreille  River  below  Pend  Oreille  Lake,  drains  over  25,000  square 
miles  of  forested,  rugged,  and  relatively  sparsely  settled  area  in 
British  Columbia,  northern  Id;ilio,  ami  western  Montana,  and  has  an 
annual  runoff  of  over  19  million  acre-feet.  The  stream  is  partially 
controlled  by  existing  reservoirs;  however,  major  undeveloped  sites 
remain  on  the  Upper  Clark  Fork,  North  Fork  IHathead  River,  Lower 
Flathead  River,  and  Blackfoot  River.  Major  potential  sites  in  the 
Flathead  and  Clark  Fork  basins  are  tabulated  below  and  further 
discussed  in  subsequent  paragraphs.  Paradise  Project,  located  on 
the  Clark  Fork  rather  than  Flatliead  River,  is  included  in  the 
discussion  because  it  is  an  alternative  for  development  of  the 
Lower  Flathead  River.  Quartz  Creek  Project,  also  located  on  the 
Clark  Fork,  has  been  included  to  complete  the  listing  for  that  area. 
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Spnicc  I'ark  The  jiroiect  was  last  investigated  in  joint 
stvuiies  made  by  the  bureau  of  Reclamation  and  the  Corjis  of  lingineers 
leading  to  a Memorandum  Report  on  the  Clark  l-'ork  Basin,  September 
llXi'.  The  damsite  is  located  on  the  Middle  lork  of  the  I'lathead 
River,  SO  miles  above  its  confluence  with  the  North  fork.  The  dam 
would  he  an  eartli  and  rockfill  structure  about  400  feet  in  height. 
The  reservoir  at  normal  pool  elevation  4,480  feet  would  extend 
If'  miles  up  the  Middle  fork.  Cross  storage  would  be  010,000  acre- 
feet,  of  which  (i00,000  acre-feet  would  be  usable  for  flood  control 
and  power  generation.  Coordinated  operation  with  Hungry  Horse 
Reservoir  would  result  in  a total  of  700,000  acre-feet  of  effective 
storage  for  control  of  major  floods.  A 22-foot  diameter,  8-mile 
long  pressure  tunnel  through  the  Flathead  Range  would  deliver  water 
to  a powerplant  located  on  th  > shore  of  Hungry  Horse  Reservoir. 

Ihe  rated  head  would  be  about  860  feet.  Two  generators  would 
provide  a total  installed  capacity  of  .380,000  kilowatts.  The 
average  annual  generation  is  estimated  at  45,000  kilowatts  at-site 
plus  20,000  kilowatts  added  annually  at  downstream  hydroelectric 
plants.  The  damsite  is  located  on  a stream  designated  for  study 
for  possible  inclusion  in  the  National  Wild  and  Scenic  Rivers 
System.  (38) 

Clacier  View  Dam  and  Reservoir  Fhe  damsite  is  located  on 
the  North  Fork  of  Flathead  River,  74  miles  upstream  from  Flathead 
Fake  and  39  miles  downstream  from  the  International  Boundary.  This 
multiple-purpose  [iroject  is  an  alternative  to  the  Smoky  Range 
development  described  below.  The  dam  would  consist  of  a zoned- 
earthfill  embankment  al^out  290  feet  in  height  and  have  a crest 
length  of  approximately  1,800  feet.  Gross  storage  capacity  at 
normal  full  pool  elevation  3,000  feet  would  be  1,800,000  acre- feet. 
Usable  storage  between  full  and  minimum  pool  elevation  3,465  feet 
would  be  1,510,000  acre-feet.  Initial  installation  would  consist 
of  three  generating  units  and  provisions  for  future  installations 
of  two  additional  units  to  jirovide  a total  ultimate  capacity  of 

325.000  kilowatts.  Average  annual  generation  would  be  about 

42.000  kilowatts  at-site  with  15,000  kilowatts  added  annually  at 
downstream  plants.  The  project  was  investigated  jointly  by  the 
Bureau  of  Reclamation  and  the  Coriis  of  lingineers  in  a study  lead- 
ing to  a Memorandum  Report  on  Clark  Fork  Basin,  September  1907. 

Ihe  project  was  initially  investigated  in  studies  presented  in 
House  Document  531.  That  report  proposed  a project  having  a full 
j)ool  elevation  of  3,725  feet  proviiling  usable  storage  of  3,100,000 
acre-feet  out  of  a total  storage  of  4,800,000  acre-feet.  The 
project  was  not  recommended  for  construction  because  of  objectioiis 
by  the  National  I’ark  Service  and  by  recreation  interests  concern- 
ing possible  adverse  effect  on  wildlife  range  and  recreational  use 
of  the  western  section  of  Glacier  National  Park.  The  damsite  is 
located  on  a stream  design.ited  for  study  for  possible  inclusion  in 
the  National  Wild  and  Scenic  Rivers  System.  (30,  38) 
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Smok>’  Range  Dam  aiul  I'osc'rvoir  This  ]iro)cct  is  an  alternate 
to  i-love  lo]iment  of  (i  lacier  \’iew.  Smoky  Range  dams  i to  is  located  on 
the  North  lork  of  I'lathead  River,  63  miles  upstream  from  I'latheail 
fake  and  50  miles  downstream  from  the  International  Boundary.  Itie 
dam  would  he  a ;oned-earth f i 1 1 embankment  having  a maximum  height  of 
370  feet  above  bedrock  and  a crest  length  about  3,500  feet.  At  full 
pool  elevation  3,550  feet,  the  reservoir  would  extend  upstream 
26  miles  and  submerge  the  (llacier  View  tlamsite.  Usable  storage 
for  flood  control  and  jiower  would  be  1,510,000  acre-feet  with  a 
drawdown  of  175  feet.  Initial  installation  would  include  three 

66.000  kilow.itt  generating  units  with  provisions  for  future 
installation  of  two  adilitional  66,000-kilowatt  units  to  [u-ovidc  a 
total  generating  capacit\’  of  330,000  kilowatts.  Average  annual 
gener.ation  would  be  about  65,000  kilowatts  at-sitc  and  about 

12.000  kilowatts  would  be  added  annually  at  downstream  [ilants.  'ITie 
project  was  also  included  in  the  1967  study  of  the  (ilark  fork  Basin. 
The  project  was  initially  investigated  in  studies  presented  in  House 
Oocument  403,  87th  Congress,  2d  Session.  That  report  proposed  the 
same  jiroject  as  described  above  bvit  with  a smaller  powerplant 
installation.  The  project  was  not  recommended  for  construction 
because  the  Secretary  of  the  Interior  rc(|uested  that  further  con- 
siderations of  this  project  be  ilropped  because  of  adverse  effect 

on  Glacier  National  Park  and  on  the  fish  and  wihllife  resources  of 
the  impoundment  site  ;irul  related  areas.  The  damsite  is  located 
within  the  area  designated  for  stiuly  for  iiossible  inclusion  in  the 
National  Ivild  and  Scenic  Rivers  System.  (33,  38) 

Buffalo  Rapids  No.  2 and  No.  4 This  is  one  of  five  alter- 
native schemes  for  development  of  the  l-Iathead  River  downstream 
from  Kerr  Ham.  Application  for  joint  license  was  filed  March  9, 
1965,  for  Buffalo  Rapids  Project  No.  2507  by  the  Cionfederated  Salish 
and  Kootenai  Tribes  of  the  1 lathead  Reservation,  and  the  Montana 
Power  Company.  The  Buffalo  Rapiils  No.  2 damsite  is  located  on  the 
I lathead  River  at  river  mile  ()0.7.  The  reservoir  at  full  pool 
elevation  2,702  feet  would  extend  upstream  to  the  tai Iwater  of 
Kerr  Dam.  Storage  would  be  limited  to  pondage,  and  the  gross  head 
would  be  80  feet.  The  Buffalo  Rapids  No.  4 damsite  is  located  on 
the  I'lathead  River  at  river  mile  36.5.  The  reservoir  at  full  pool 
elevation  2,619  feet  would  extend  upstream  to  the  tai Iwater  of 
Buffalo  Rapids  No.  2.  Storage  would  be  limited  to  jiondage , and  the 
gross  head  would  be  80  feet.  I'ach  powerplant  would  contain  two 
(i0,n0()  kilowatt  units.  The  combined  average  annual  generation  of 
the  two  projects  is  estimated  at  131,000  kilowatts.  Total  peaking 
capability  is  estimated  at  276,000  kilowatts.  Studies  presented  in 
Memorandum  Report  on  the  Clark  Fork  Basin  considered  each  powerplant 
would  ultimately  contain  four  units  providing  a combined  peaking 
cajiability  of  552,000  kilowatts  for  the  total  development.  (38) 
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High  Buffalo  Rapids  No.  4 High  Buffalo  Rapids  No.  4 is 
anotlu-r  a Itornat  i vo  for  develoiimoiit  of  the  Lower  i'lathcad  River, 
ihe  damsite  is  located  on  the  I'latliead  River,  36. S miles  upstream 
from  ti\e  confluence  of  the  I'lathcad  River  with  the  Clark  fork  and 
about  11.5  miles  above  the  town  of  Dixon,  Montana.  The  dam  jiroposed 
in  House  Document  403  would  consist  of  a concrete-gravity  intake 
structure  tied  into  an  eartlifill  dam.  The  concrete-gravity  intake 
structure  would  l\ave  a maximvim  height  of  about  280  feet  above 
bedrock  and  would  be  1,300  feet  long.  The  earthfill  section  would 
luive  a maximum  height  of  160  feet  above  natural  ground  and  would 
lie  8,600  feet  long.  The  reservoir  at  normal  full  pool  elevation 
2,’'00  feet  would  jirovide  bb8,000  acre-feet  usable  storage  with  a 
drawdown  of  (>7  feet.  Cross  head  for  power  would  be  164  feet.  The 
power  installation  proposed  in  House  Document  403  would  consist  of 
4 units,  each  having  a rated  capacity  of  56,000  kilowatts,  Vv’ith  a 
substructure  for  future  i nst;il lat ion  of  one  additional  unit  of  the 
same  capacity.  Studies  jiresented  in  the  Memorandum  Report  on  Clark 
fork  Basin  considereil  an  ultimate  powerplant  installation  totaling 
51(1,000  kilowatts  in  eiglit  units.  Average  annual  generation  for 
the  latter  installation  is  estimated  at  124,000  kilowatts  at-site 
plus  T’,000  kilowatts  added  at  downstream  plants.  (33,  38) 

Sloan  Bridge  This  project  is  an  alternative  plan  for 
development  of  the  Idathead  River  below  kerr  Dam.  I'he  damsite  is 
on  the  l-lathead  River  about  midway  between  Buffalo  Rapids  No.  2 
and  Biiffalo  Rapids  No.  4 sites,  44.7  miles  upstream  from  the  con- 
fluence with  tiu'  Cl.irk  I'ork  and  27.8  miles  downstream  from  Kerr 
liam.  The  reservoir  at  full  pool  elev.ition  2,700  feet  would  extend 
upstream  to  the  tailwater  of  Kerr  Dam.  The  gross  storage  would  be 

512.000  acre-feet,  of  which  40(^000  , acre-feet  would  be  usable  for 
flood  control  .and  power  generation.  Cross  head  would  be  130  feet, 
l ight  units  would  provide  ,a  tot.al  generating  capacity  of 

412.000  kilowaatts.  Average  annu.a  1 energy  generation  is  estimated 
at  03, 000  kilowatts  ,it-site  plus  3,000  kilowatts  .added  .at  downstream 
]ilants . 138) 

Knowles  Dam  and  Reservoir  I'he  damsite  is  located  near  the 
mouth  of  flathead  River,  2.7  miles  ujistream  from  its  confluence 
with  the  Clark  fork.  The  reservoir  at  full  pool  elevation  2,700 
feet  would  extend  upstream  on  the  flathead  River  to  tailwater  of 
Kerr  Dam  and  submerge  the  Buffalo  Rapids  and  Sloan  Bridge  damsites. 
As  proposed  in  House  Document  403,  the  main  dam  would  be  a toned- 
earthfill  embankment  with  a maximum  height  of  26(i  feet  .above 
streambed  and  a toji  length  of  2,050  feet  including  a concrete 
gravity  nonoverflow  wraparound  section.  A concrete  gravity  intake 
structure  and  spillway  section  would  be  tied  into  the  eartlifill 
diim  section.  Cross  storage  wouUl  be  4,050,000  acre-feet,  of  which 

3,084,000  .acre-feet  would  be  us.able  for  flood  control  .and  power 


Sfiiorat  i on . Cii'oss  tu-aii  would  ho  2.'^0  Feet.  Hie  reservoir  would 
inundate  28  miles  of  the  main  line  of  tlie  Northern  I’acific  Railway 
and  7 miles  of  the  Poison  liranch  line.  It  would  also  inundate 
14  miles  of  petroleum  jiipeline,  28  miles  of  II. .S.  Highway  10-A,  and 
87  miles  of  county,  forest  .Service,  ;ind  National  Bison  Range  roads. 
Ajipro-ximately  9,000  acres  of  irrigated  land  ;ind  1,600  acres  of 
unirrigated  cultivated  liuid,  and  ,S6,400  .acres  of  pasture  ami  grazing 
land  including  a portion  of  the  N;itional  Bison  Range  are  located  in 
the  reservoir  .area.  The  powerplant  considered  in  the  Memorandum 
Report  on  Clark  fork  Basin,  Septemher  1967  (7),  consists  of  eight 
units  providing  a total  installed  capacity  of  588,000  kilowatts. 
Average  annual  generation  is  estimated  at  180,000  kilowatts  at-site. 
(5.5,  58) 


Paradise  Project  I'he  d.amsite  is  located  on  the  Clark  fork 
approximately  105  miles  upstream  from  Pend  Oreille  Lake  and  four 
river  miles  downstream  from  the  mouth  of  the  flathead  River. 
Paradise  Dam  and  reservoir  project  is  .an  .alternate  plan  of  develop- 
ment for  the  flathead  River  he  low  Kerr  D.ara.  The  reservoir  at  full 
pool  elevation  2,700  feet  would  exteml  upstream  on  the  flathead 
River  to  the  tailwater  of  Kerr  Dam,  submerging  the  Knowles,  Buffalo 
Rapiils,  .and  Sloan  Bridge  d.amsites,  and  h.ack  water  46  miles  up  the 
Cl.ark  fork.  Cross  storage  would  he  6,500,000  acre-feet,  of  which 

4.080.000  acre-feet  would  he  us.ahle  for  flood  control  aiul  power 
generation.  The  d;im  would  effectively  control  downstream  flows 
from  both  the  Cl.ark  fork  ami  the  flathe.ad  River.  Cross  head  wouhl 
be  240  feet.  The  main  il.am  would  he  a zoneil-e.arthf i 1 1 embankment 
with  a m.aximuir  height  of  270  feet  above  streamhed  and  a top  length 
of  5,750  feet.  A concrete-gravity  int.ake  structure  and  spillwa\- 
would  he  tied  into  the  m.ain  e.arthfill  dam  and  a s.addle  dam  across 
a side  cluinnel.  I'he  Paradise  Project  would  retpiire  substantial 
relocations.  The  Northern  P.acific  Railw.ay  operates  two  main  lines 
from  DeSmet  to  Paradise  .and  parts  of  both  of  these  lines  lie  in 
the  reservoir  are.a.  The  Poison  hr.inch  line  would  have  to  he 
relocated.  About  15  miles  of  Chic.ago,  Milwaukie,  St.  Paul,  ami 
Pacific  Railroad  wouhl  reipiire  relocation  to  highei'  groumi.  About 
14  miles  of  Inters!. ate  highway  and  58  miles  of  prim.ary  fedeiail  ;md 
State  highw.ays  ;ilso  would  re(piiie  reloc.ation.  The  reservoii"  ;it 
full  pool  would  inund.ati'  .about  ‘.),0DD  ;icres  of  irrig.ated  land; 
about  5,700  acres  of  non  i rr  i g;it  eil , cu  1 1 i v.at  I'll  hind,  and 

58,()00  .acres  of  j'.asture  ami  gr.azing  land,  including  a portion  of 
the  Nation.al  Bison  Range.  I'he  'lemor.amlum  Rejiort  on  Clark  fork 
B.asin,  Septemher  19(>7,  considered  .a  project  with  .an  ultimate  ]iower 
installation  of  12  units  jiroviiiing  :i  total  plant  capacity  of 

1.192.000  kilowatts.  The  project  would  gener;ite  an  ;mnu;il  ;iver;ige 
of  288,000  ki lowatts. (55,  58) 
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(juartz  (.'rock  This  would  be  a single-purpose,  run -of- river 
j-iower  project.  Tlie  damsite  is  located  on  the  Clark  fork,  5C).r> 
miles  upstream  from  its  confluence  with  the  Flathead  River,  and 
l‘.i  miles  upstream  from  Superior,  Montana.  ,\  concrete-gravity  dam 
l.SO  feet  high  with  a total  length  of  bOO  feet  would  develop  a gross 
head  of  1 .S(t  feet  for  at-site  power  generation,  'flic  reservoir  at 
full  ]iool  elevation  J,893  feet  would  extend  up  the  Clark  Fork  for 
lO  miles.  Storage  would  be  limitetl  to  pondage  with  a pool  fluctu- 
ation of  about  2 fei't.  Relocations  would  include  I . .S  miles  of 
(Tiicago,  Milwaukie,  St.  Paul  and  Pacific  Railroad,  0.5  mile  of 
Northern  Pacific  Railway  main  line,  and  about  0.6  mile  of  secondar>' 
roads.  The  powerplant  installation  would  consist  of  four  generat- 
ing units  providing  a total  of  I20,l'00  kilowatts.  Average  annual 
energy  production  is  estimated  at  1H,000  kilow.atts.  (.58) 

Ninemile  Pr.airie  Ham  and  Iteservoir  This  would  he  a 
multiple-purpose  project  located  on  the  Blackfoot  River  in  Missoula 
Count)',  Mont.ina.  The  damsite  is  about  22  miles  upstream  from  the 
confluence  of  Blackfoot  River  with  the  Clark  Fork.  This  site  was 
investigated  in  studies  leadirig  to  preparation  of  House  Document 
No.  tO.5.  A project  at  the  Ninemile  Prairie  site  has  also  been 
'Studied  bv  tlie  Bureau  of  Reclamation  and  tlic  data  contained  in 
House  Document  No.  10.5  were  derived  from  a report  dated  .lune  1958, 
by  tfie  Regional  f)i  rector  of  Region  i to  the  Commissioner  of  tfie 
Bureau  of  Reclamation.  The  dam  would  be  a zoned,  rolled,  earthfill 
structure  with  a height  of  .500  feet  above  strvambed  and  a crest 
length  of  1,700  feet.  The  reservoir  at  normal  full  iiool  elevation 
.5,819  feet  would  extend  M miles  upstream  to  a point  ■)  miles  above 
the  confluence  of  the  Clearwater  River  and  the  Blackfoot  River. 

Tlie  reservoir  would  prov'ide  1 million  acre-feet  of  storage  capacity 
of  which  885 , 0(H)  ;icre-feet  would  be  usable  for  flooil  control  and 
[lower  generation.  The  power[ilant  would  contain  three  20,000  kilo- 
watt gener.'iting  units.  Studies  present<!'d  in  Memorandum  Report  on 
(ilark  lork  B.asin,  September  l‘J(i7  ( 7 ) . 6ons  i ilered  a [loweqilant  having 
four  gener.'iting  units  to  provide  a total  installed  [ilant  capacity 
of  92,000  kilowatts.  At-site,  ['ower  generation  would  average 
21,000  kilowatts  annual  1>’  aiul  downstream  [iroduction  would  lie 
increasi'd  9,000  kilow.-itts  annua  1 ly  . (55  , 58) 


Sulli\'.'in  (iri'ek  The  [iroject  woukl  be  located  in  the  northeast 
corner  of  the  State  of  Washington,  a few  miles  from  the  Internationa] 
I'faindary,  on  Outlet  Creek  and  Sullivan  Creek  in  the  vicinit)'  of 
''letaliru'  Falls.  A|iplication  for  license  for  this  project  was  fi  led 
on  .June  11,  19(>5,  liy  Public  Utility  District  No.  1 of  Pend  Oreille 
County,  Washington.  The  proji'Ct  would  consist  of  an  e:irth  and 
rockfill  d.'im  maintaining  ;i  pool  elevation  of  2,591  feet,  [iroviiling 
ap|irox  i mate  1 y (il,(>00  acre-feet  of  storage,  and  a [lowerhouse  contain- 
ing two  (),800  kilow.'itt  units.  Average  ;innu;i  1 generation  would  be 


alioiit  ■',(>1)0  kilow;itts.  Thi'  project  would  replace  the  existing 
Sullivan  Lake  I’roject,  which  is  presently  operated  only  for  storage, 
federal  Power  ta)inmission  action  is  [lending  on  the  app  1 i cat  i on . (D  ) 


kootenai  River  The  Kootenai  Uiver  drainage  ha.sin  is  located 
in  southeastern  Rritisli  Columbia,  northwestern  Montana,  and  northern 
Idaho.  Ihree-fourths  of  its  drainage  area  and  two-thirds  of  its 
length  are  in  British  Columhia.  This  study  deals  only  with  that 
portion  located  in  the  United  States.  The  Kootenai  River  enters 
the  United  States  at  Cateway,  Montana,  about  IPO  miles  downstream 
from  its  source,  where  it  begins  a long,  sweeping  U-shaped  course 
that  takes  it  10  miles  into  Montan.i  and  b.ick  into  Canada  after 
cutting  diagonally  across  the  tip  of  the  Idaho  panhandle.  The 
average  annual  runoff  at  Libby,  Montana,  based  on  5-1  years  of 
record,  is  about  8, 700, 000  acre-feet.  Several  potential  power 
sites  were  investigated  in  studies  leading  to  House  Document  .S31 
and  40.3.  f.30,  .3,3)  Based  ujion  information  [iresented  in  those 
reports,  all  have  been  eliminated  from  further  consideration 
except  for  Kootenai  falls  Project  and  Libby  Reregulation  Dam. 

Studies  have  not  progressed  to  determine  whether  power  facilities 
will  be  included  at  the  Libb\-  Reregulation  Project. 


Libby  Reregulator  A reregulating  ibirn  must  be  constructed 
below  Libby  Dam  to  permit  full  utilization  of  Libby's  peaking 
['otential  while  still  maintaining  stable  flow  conditions  in  the 
Kootenai  River  downstream.  The  reregulating  dam  was  authorized  as 
a part  of  the  Libby  Reservoir  project,  but  aiklitional  authorization 
would  be  needed  for  a power  installation.  As  a [lart  of  their 
current  Columbia  River  and  Iribui.iries  Study,  the  Corps  of  l.ngineers 
is  making  studies  to  determine  the  feasibility  of  installing  power. 
Site  selection  studies  h.ive  indicateil  that  a project  at  river  mile 
208. P having  a normal  full  [lool  elevation  of  2,1.30  feet  would  best 
fill  the  reregulation  needs.  Pnliminary  power  studies  indicate 
that  a [lowerplant  would  In-  justified  at  the  reregulator.  These 
studies  were  based  on  ;i  1-unit  [>owerf'lant  h.iving  ;i  n.imeplate  rating 
of  43,800  kil(.»watts.  M.iximum  head  would  be  about  54  feet  and 
.average  .uiniial  eiurgv  .about  .3l>,()00  kilowatts. 


kootenai  l.ilN  I hi"  woiilil  be  .a  s i ng  le-[Hirpose  run-of- river 
power  I'rojeil  lovaf<il  .ibniit  4 rule"  upstre.am  from  Troy,  Montana.  A 
concri'te  ilam,  1.3.3  tiiU  b i y with  a tot.al  length  ol  1,340  (eet,  would 
develop  .1  gross  he. id  el  lou  t'-et  lor  geiier.it  ion  of  power.  At  normal 
[H)ol  elevation  2,'»'0  teit,  the  reservoir  would  extend  ups  t ream  about 
15  miles.  Major  n 1 ni  .at  i oils  would  include  about  lti.5  miles  ol 
Creat  Nortlurn  K.iilwav  m.iiii  line.  7 miles  of  ll.S.  Highway  2,  .and 
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10  null's  of  fori  st  mails  . I’owr  rp  lant  installation  woulii  total 
about  301'', OnO  kilowatts.  \vi'ra.ui'  annual  jiciiorat  i on  is  i-stimatcil 
at  U'",000  k i low  at  t s . ( S , .i?>) 


('.oettr  il'.Mi'nc  Uivrr  Ihc  lioi  ur  O' Alone  Kivcr  ilrains  the 
wi'steni  slope  ot"  a portion  of  the  Bitterroot  kange  and  flows 
sinitherli’  and  westerli-  to  enter  (ioeur  d'Alene  lake  about  15  miles 
due  south  of  the  cit\-  of  tioeur  d'Alene,  Idaho.  The  potential  of 
foeur  <r  \lene  I’iver  for  water  resource  development  Vias  investigated 
in  studies  ju'esented  in  House  Hocument  5,51.  C.50j  I'he  studies 
considered  .a  mu  1 1 i p le- purpose  project  at  the  .Springston  site  at 
river  mile  .5. .5,  and  a future  proji'ct  at  the  behind  (lien  site  .at 
river  mile  55.(\  as  the  most  favor.able  |ilan  for  developing  the 
stream.  The  plan  was  not  I'eeommended  in  House  Document  531  because 
of  the  economic  imji.act  on  the  ,are;i  which  would  be  inundated.  The 
I. navi  lie  I'roject  was  .also  considered  in  the  11)18  studies,  but  was 
eliminated  because  this  site  would  control  only  ()U  percent  of  the 
mi  an  runoff;  whereas  the  combination  of  .S|)ringston  and  belan  (ilen 
would  lull}-  control  the  mean  runoff  of  the  stream.  In  studies 
lU'eseiited  in  House  Document  403  (33),  tlie  I. navi  lie  site  was  selected 
bec.uise  develoj^ment  would  avoiil  the  possibility  of  damage  to  mining 
interests  and  still  provide  re.isonable  control  of  runoff  for  flood 
control  and  power. 

bn.aville  I’roiect  The  d.amsite  is  located  on  the  (ineur  d'Alene 
kiver,  adjacent  to  the  town  of  I'.iku’ i 1 1 e , Id.aho,  35. (i  miles  up.stream 
from  (ioeur  d'Alene  bake  .'ind  l.d  miles  upstream  from  the  confluence 
of  the  main  river  with  the  South  fork  of  Coeur  d'Alene  kiver.  The 
dam  would  be  a rockfill  emb.ankment  with  a ma.ximum  height  of 
280  feet  above  streambi-il  .and  a toj^  length  of  1,550  feet.  The 
S[iillw,iy  would  be  .a  eiwicrete  graviti"  s|'i]lway  section  with  ;i  crest 
length  of  135  feet.  Ihe  ju'werhouse  and  outlet  structure  would  be 
located  ne.’ir  the  toi'  on  tlie  right  side  of  the  spillway  and  would 
tu'  served  by  a 25-foot  di.ameter  steel-lined  tunnel  driven  through 
rock  under  the  right  abutment.  The  reservoir  would  h:ive  ;i  total 
capacity  of  1,012,000  acre-feet  at  full  pool  elevation  2,4.30  feet, 
lls.able  storage  would  be  700,000  .acre-feet  for  flood  control  and 
jiower  with  a drawdown  of  10(i  feet.  At  full  pool  the  reservoir 
would  have  ;i  surface  are.a  of  9,000  acres,  .all  of  which  is  within 
the  boundaries  of  foeur  d'Alene  N.ational  forest . As  reported  in 
House  Document  403,  the  iiroject  would  h.ave  one  43,000-kilowatt 
unit  inst.alled.  B.ased  on  present  criteria,  the  plant  would  h.ave 
an  installed  cajwicity  of  70,000  kilowatts  and  a peaking  capability 
of  about  80,000  kilowatts.  Average  annual  gener.ation  would  be 
28,000  kilowatts  at-site.  Avcrtige  annual  generation  downstre.-im 
would  be  increased  by  3.J  ,000  k i 1 owat  t s . ( 33  1 


Subregion  2,  Upper  Columlija 


This  subregion  consists  of  the  streams  that  drain  into  the 
mainstem  Columt'ia  between  Richland,  Washington,  and  the  (Canadian 
border.  Potential  projects  in  this  subregion  include  Sullivan 
Creek,  on  a m’nor  tributary;  the  four-dam  Wenatchee  River  Project; 
and  Ben  I- rank  1 in,  on  the  Columbia. 
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Wenatchee  River  The  Wenatchee  River  drains  a segment  of 
the  eastern  slope  of  the  Cascade  Range  through  its  three  principal 
tributaries.  Little  Wenatchee,  Wliite,  and  Chiwawa  rivers.  The 
l.ittle  Wenatchee  and  White  are  tributary  to  Wenatchee  Lake,  which 
is  the  source  of  the  main  Wenatchee  River.  The  Chiwawa  joins  the 
Wenatchee  about  5 miles  downstre.im  from  the  lake.  The  Wenatchee 
River  is  about  47  miles  long  and  flows  in  a southeasterly  direction 
to  enter  the  Columbia  at  mile  4b8.4.  The  drainage  basin  of  the 
Wenat 'hee  River  totals  about  1,.T50  square  miles.  Potential  multiple- 
puiqiose  si*^es  investigated  in  studios  leading  to  House  Document  531 
(30)  included  Plain  Site  on  Wenatchee  River  and  Chiwawa  Site  on 
Chiwawa  River.  These  sites  were  further  reviered  in  studies  lead- 
ing to  House  Document  403  (33).  Moie  recently  an  Application  for 
License  has  been  filed  with  lederal  Power  Commission  by  Chelan 
County  PUD  No.  1 for  Wenatcliee  Project  No.  2 1 5 1- Washington . An 
amended  application  submitted  in  .June  1065  proposes  four  develop- 
ments as  follows; 

Ch i wawa  n\e  Chiwawa  development  would  consist  of  an 
impervious  core  earthfill  dam  located  on  the  Chiwawa  River,  upstream 
from  Big  .Meadow  Creek,  with  full  pool  at  elevation  2,545  feet,  a 
5.8  mile  penstock  tunnel;  and  the  Dirtyface  Mountain  powerhouse  on 
Lake  W<.na*^chee,  containing  three  units  totaling  145,000  kilowatts 
and  operating  uiuier  a gross  head  of  672  feet.  One  of  these  units 
would  be  an  80,000  kilowatt  conventional  unit  and  the  other  two, 
20,000  kilowatts  and  45,000  kilowatts,  respectively,  would  be 
reversible  pump-turbines.  Usable  storage  in  the  iTiiwawa  Reservoir 
would  be  400,000  acre-feet.  Average  annual  generation  would  be 
about  20,100  1<  i lowatts  . (23 ) 
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Bo.'ivc'r  Crc-ok  The  Beaver  Creek  development  would  consist 
of  an  earthfill  and  concrete-gravi  t>'  ilam  on  the  Wenatchee  River, 
upstream  from  the  junction  with  Beaver  (ireck , providing  a pool 
elevation  of  l,H7a  feet  and  a powerhouse  containing  two  generating 
units,  one  1,000  kilowatts  and  one  10,000  kilowatts,  operating 
under  a gross  head  of  (i0  feet.  The  Beaver  Creek  0am  would  control 
Wenatchee  I.ake  .and  would  ]irovide  .T2,000  acre-feet  of  usable  storage 
in  the  up[ier  10  feet.  \verage  annual  generation  would  he  about 
”,300  kilowatts.  (2.3) 


l.eavenworth  Ihe  1 eavenworth  development  would  consist  of 
of  an  earthfill  diversion  dam  near  tihiwaukum  Creek  on  the  Wenatchee 
River,  with  a pool  elevation  of  1 , T.TO  feet;  a 7-mi  Ic  tunnel  and 
penstock;  and  a powerhouse  containing  two  generating  units,  one 
80,000  kilowatts  ,ind  one  40,000  kilowatts,  operating  under  a gross 
head  of  O20  feet.  Six  thousand  acre-feet  of  pondage  would  bo 
available  behind  the  (Ihiwaukum  Creek  Dam.  Average  .annual  generation 
would  be  about  (j7,000  kilowatts.  (23) 

Oryden  Ihis  project  would  consist  of  a new  concrete 
diversion  dam  at  the  site  of  the  existing  dam  on  the  Wenatchee 
River  raising  the  water  elevation  an  additional  11  feet,  a 3,600- 
foot-  long  canal  to  forebay,  and  a powerhouse  containing  two  10, 000- 
kilowatt  units  operating  under  a gross  head  of  87  feet.  Average 
annual  generation  would  be  about  11,000  kilowatts.  (23) 


Mainstem  Columbia  River  On  the  Columbia  River  from  the 
head  of  Mc.Vary  reservoir  (Take  Wallula)  to  Priest  Rapids  tailwater, 
approximately  u.S  feet  of  head  remain  undeveloped,  'llie  reach  was 
investigated  in  1048  in  studies  leading  to  preparation  of  House 
Document  No.  .331.  Sites  found  to  be  physically  feasible  from 
seismic  surveys  were  the  Ringold  site  at  river  mile  555  and  the 
Richland  site  at  river  mile  348.  Subsequent  field  explorations 
and  office  studies  indicated  the  Richland  site  to  be  more  favorable. 
The  site  is  now  referred  to  as  the  Ben  Franklin  site. 


Ben  Franklin  P.mii  Development  of  the  Ren  Franklin  site  was 
reviewed  in  1058  in  studies  leading  to  preparation  of  House 
Document  403.  A survey  report  dated  .Inly  1060,  prepared  by  the 
Seattle  District,  Corps  of  l.ngineers,  recommends  tliat  the  Ben 
Franklin  multiple-purpose  project  he  authorized  for  construction. 
The  damsite  is  located  at  the  head  of  Mc.N'ary  reservoir,  10  miles 
upstream  from  Richland,  Washington,  1.3  miles  above  the  mouth  of 
the  V'akima  River,  and  '’.3  miles  above  the  mouth  of  the  Snake  River. 
It  is  40  miles  downstream  from  Priest  Rapids  Dam.  The  Columbia 
River  above  the  damsite  drains  07,000  square  miles  in  the  United 
States  and  (ianada.  As  proposed  in  tlie  feasibility  report,  the  plan 
consists  of  a powerhouse,  15-bay  spillw.ay  designed  to  pass  a flow 
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ol  1,()00,000  ciillic  foot  per  second,  and  oarthfill  dams  connecting 
to  the  abutments  on  each  side.  \n  earthfill  dam  about  600  feet 
long  would  connect  the  spillway  to  the  left  abutment.  On  the  right 
bank,  the  earthtill  dam  would  extend  7,100  feet  from  the  powerhouse 
to  the  right  abutment.  .\t  full  pool  elevation  400  feet,  the  gross 
head  for  power  generation  would  lie  60  feet.  The  powerhouse  would 
contain  16  generating  units  having  a total  installed  capacity  of 

076,000  kilow.'itts.  Average  annual  generation  is  estimated  at 
■i:,S,000  k i lowatts.  (42) 

.Sub reg ion  5 , V ak  i ma  R i ve r 

There  are  no  potential  liydroelectri  c projects  in  the  subregion. 
Subregion  4,  Upper  Snake  River 

This  subregion  consists  of  the  drainage  basin  of  the  Snake 
River  above  King  Hill.  Important  tributaries  in  this  subregion 
are  the  llenrys  Fork,  Greys,  and  lloback  rivers. 
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Thousand  Springs  The  damsite  is  located  at  river  mile  584.3 
on  the  Snake  River  immediately  downstream  from  the  existing  Hiousand 
Springs  powerplant  of  the  Idaho  Power  Company,  southwest  of  Wendell, 
Idaho,  i'he  dam  would  be  a zoned  earthfill  embankment  with  a maximum 
height  of  l‘)4  feet.  With  a normal  pool  elevation  of  3,054  feet, 
total  reservoir  storage  would  be  595,000  acre-feet,  of  which 

400.000  acre-feet  would  be  usable  for  power  production  and  flood 
control.  Hie  powerplant  would  have  an  installed  capacity  of 

150.000  kilowatts  in  three  units.  At-site  power  generation  would 
average  about  53,000  kilowatts  ;innua  1 ly . ( 32 ) 
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l.ynii  C.raiiJ.i  1 1 Itu'  J.imsitc'  is  located  on  the  Snake  Kiver  at 
mile  87J.5,  ahoiit  SO  miles  downstream  from  the  existing  I’alisades 
I'am.  I'he  vlam  would  be  an  earihfill  stnicture,  2DU  feet  in  height 
aliove  streambed  liaving  a crest  length  of  2,500  feet.  I'he  reservoir 
at  maximum  pool  I'levation  5,575  feet  would  iirovide  1,4(>0,000  acre- 
feet  of  storage  capacity  of  wliich  1,280,000  acre-feet  are  usable 
for  [lower  generation,  irrigation,  flood  control,  and  reregii  lat  i on 
of  I’alisades  discharges.  Installed  cajiacity  would  consist  of  four 
units  of  ('0,000  kilowatts  each.  Maximum  gross  head  would  be  270 
feet.  The  ['reject  is  under  investigation  b>'  the  Bureau  of  Kec  1 amat  i on . 


Included  as  inirt  of  tlie  develo|iment  will  be  the  addition  of 
1.55,000  kilowatts  of  [leaking  ca[iability  at  Palisades  Dam.  I'he  two 
new  units  would  be  housed  in  a separate  [lovvcr  plant  downstream  from 
the  existing  Palisades  [ilant.  Water  would  be  conveyed  to  the  new 
['lant  through,  a tunnel  which  would  tap  into  the  present  outlet 
tunnel.  (.22,  21) 
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American  la  11s  The  [iroposed  ['ower  plant  would  I'c  located 
at  the  existing  American  falls  Dam.  I'he  [iower[ilant  is  authorized 
for  construction  by  the  Bureau  of  Reclamation.  The  [lowerplant  would 
contain  three  1 0 ,000- k i lowat t generating  units.  Re]ilacement  of 
American  falls  Dam  is  currently  under  study.  Such  studies  will 
include  resizing  and  redesign  of  the  ['owerji  1 ant . (2.5,  2-11 


(!l:irk  Ranch  The  rcregnlator  for  the  power  producing  complex 
Palisades  and  l.ynn  Crandall,  the  Clark  Ranch  damsite,  is  located  at 
about  mile  865  on  the  Snake  River.  The  dam  would  he  an  carthfill 
structure  providing  about  27,1)00  acre-feet  at  normal  pool  elevation 
5,004  feet.  .\  .50 ,000-k  i lowatt  powerplant  with  gross  liead  of  about 
10  feet  would  provide  average  annual  generation  of  about 
16,000  ki lowatts. ( 12,  24) 

liagle  Rock  Dam  and  Rowe r)-)l ant  The  dam  would  be  located  on 
theSnake  River  at  about  river  mile  708.4,  about  70  miles  upstream 
from  Milner  Dam  and  7 miles  downstream  from  .\mor i can  Tails,  Idaho. 
The  dam  would  be  an  carthfill  structure  with  a maximum  height  above 
streambed  of  about  45  feet  and  a crest  length  of  nearly  1,500  feet. 
Total  installed  capacity  would  be  about  .50,000  kilowatts.  All 
releases  passing  American  Tails  Dam  would  be  available  for  power 
generation  at  the  Taglc  Rock  project.  Average  energy  generation 
is  estimated  at  16,500  kilowatts  annually.  (52) 


Mesa  Tails  Project  The  damsite  is  located  on  the  llenrys 
Tork  of  Snake  River,  about  15  miles  by  road  northeast  of  Ashton, 
Idaho.  The  project  would  consist  of  facilities  to  develop  the  head 
created  by  Upper  and  l.ower  Mesa  Tails. 

Mesa  Tails  Diversion  Dam  would  be  located  just  upstream 
from  Upper  Mesa  Tails.  It  would  be  an  carthf i 1 1 - type  structure 
with  a maximum  height  of  40  feet  above  streambed  and  a crest  length 
of  240  feet,  'flic  normal  water  surface  of  the  reservoir  would  be 
at  elevation  5,680  feet.  A penstock  would  run  about  one  mile  from 
the  diversion  dam  to  a power]ilant  to  be  located  downstream  from 
the  lower  falls.  The  15,000-kilowatt  poweriilant  would  operate 
under  a static  head  of  about  210  feet.  Average  annual  energy  is 
estimated  at  about  11,600  kilowatts.  (52) 

harm  River  The  damsite  is  located  about  8 miles  northeast 
of  Ashton,  Idaho,  on  the  llenrys  Tork  of  the  .Snake  River, 
approximately  one-cpiarter  mile  downstream  from  the  confluence  of 
llenrys  Tork  and  Warm  River.  The  d;im  would  be  a rockfill  structure 
about  2ti5  feet  in  height  and  1,600  feet  in  length  at  crest 
elevation  5,485  feet.  The  reservoir  would  have  a total  capacity 
of  140,000  acre-feet  at  normal  [lool  elevation  5,470  feet,  of 
which  75,000  acre-feet  would  be  usable  for  power  production  and 
flood  control  based  upon  70  feet  drawdown.  Kith  maximum  reser- 
voir elevation  at  5,478  feet,  the  pool  would  extend  upstream  to 
the  Mesri  i-alls  jiroject . Power  generating  facilities  would  consist 
of  two  units  providing  a total  i list  a 1 1 at  i on  of  55,000  kilowatts. 
Average  annual  generation  is  estimated  at  22,000  kilowatts. 

(25,  52) 
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Ashton  Drim  This  is  an  oxisting  project  constructed  in 
I’M,  , on  tiu'  llenrys  ioiT  oi  the  Snake  IMver,  about  2 miles  west 
of  the  tc.vvii  ot  .Ashton,  Iilaho.  I'he  [iresent  ilam,  which  has  a 
5 . SOH-k  I lowat  t powi' rp  1 an  t , is  ownetl  .aiul  operated  by  Utah  Power 
and  light  Company.  I’econst  nict  i oil  oi'  Ashton  Project  would 
more  fully  develo[i  the  potential  of  the  site  to  meet  increased 
demands  for  t'lood  control  and  |iower.  The  present  dam  would 
be  inundatiil  l'>’  the  proposed  structure  wh  i cli  would  be  Incatcil 
about  100  feet  downstream  from  the  existing  dove  lojiment . The 
jirc.iposed  dam  would  be  a concrete-gravity  structure  about 
105  feet  in  height  above  streambed  and  5,020  feet  long  at 
t lest  elevation  5,200  feet.  An  earthfi  1 1 section  al^out 
2,500  t'eet  long  would  also  be  required,  nie  reservoir  would 
]iro\ide  -1S,7('0  acre-  feet  total  cajiacity,  of  which  40,000  acre- 
feet  would  be  usalMo  for  [lower  generation  and  flood  control. 

,\  12,000  kilowatt  powerplant  would  generate  approximately 
7,80(1  kilowatts  annua  1 1 y .(  25  , 52) 


liranite  Creek  I'he  damsite  is  located  on  the  llobaek 
Riier  in  western  W>’oming,  about  15  miles  u[istrcam  from  its 
confluence  with  the  Snake  River.  The  Oranite  Creek  development 
ap[iears  the  best  of  three  alternative  sites  on  llobaek  River 
because  of  its  greater  [lotential  for  power  production,  irriga- 
tion storage,  and  flood  control.  The  dam  would  be  earthfi 11, 
about  525  feet  in  height  above  streambed  with  a crest  length 
of  about  1,550  feet.  The  reservoir  would  have  a capacity  of 
4 70, lUU)  acre- feet,  of  wh  i c!i  405,00(1  acre- feet  would  be 
usable  on  a forecast  basis  to  provide  water  for  new  irrigation 
downstream,  flooil  control,  and  power  production.  The  jiower- 
plant  would  have  an  installed  capacity  of  16,000  kilowatts. 
Average  annual  generation  at-site  would  be  about  6,500  kilowatts. 
(52) 


I Ibow  Project  1 he  damsite  is  loeated  on  the  Creys 
River  about  26  river  miles  upstream  from  its  confluence  with 
the  Snake  River  in  Lincoln  County  of  western  Wyoming.  The  dam 
would  be  of  the  earthfill  tyiie  about  55(>  feet  in  height  above 
streambed,  having  a crest  length  of  .'qiproxi mate  1\’  2,500  feet. 
The  450,000  acre-foot  reservoir  could  provide  5 1'), 000  acre- 
feet  of  usable  ca[)acity.  This  storage,  operateil  in  conjunction 
with  Alpine  and  (Irani  te  Creek  reservoirs  on  a forecast  basis, 
would  [irovide  a maximum  amount  of  water  for  new  irrigation 
downstream,  and  for  flood  control  and  power  jiroduction.  I'he 
powerplant  would  be  located  adjacent  to  the  control  house 
near  the  left  downstream  toe  of  the  dam  and  would  have 
an  installed  capacity  of  14,000  kilowatts.  Average  energy 
generation  at-site  is  estimated  at  5,600  kilowatts 
annua  1 ly . (52 ) 
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Alpine  Dam  and  Reservoir  The  Alpine  site  is  considered 
to  be  the  most  favorable  remaining  site  for  major  multipurpose 
storage  development  in  the  Upper  Snake  River  Basin.  The  site 
is  located  on  the  Snake  River  about  3 miles  upstream  from 
the  Wyoming  - Idaho  State  Boundary.  The  dam  would  be  a rolled- 
earthfill  structure  about  440  feet  in  height  above  foundation, 
and  about  1,2  8 0 feet  long  at  the  crest.  The  reservoir  at 
full  pool  elevation  would  provide  a total  of  1,078,000  acre- 
feet  of  storage,  of  which  87  8,000  acre-feet  would  be  usable 
for  power  generation,  irrigation,  and  flood  control.  The 
powerplant  would  provide  a total  capacity  of  270,000  kilo- 
watts. Annual  average  at -site  generation  is  estimated  at 
1 1 1,400  kilowatts.  The  addition  of  the  Alpine  reservoir 
to  the  system  would  allow  greater  flexibility  in  operation 
of  Jackson  Lake  and  thereby  enhance  its  use  for  recreational 
puqioses . (32) 


Subregion  5,  Central  Snake 

This  subregion  consists  of  the  drainage  of  the 
Snake  River  below  King  Hill,  Idaho,  and  above  Oxbow  Dam  on 
the  Oregon -Idaho  border.  Important  tributaries  in  this 
subregion  are  the  Bruneau,  Boise,  Owyhee,  Payette,  and  Weiser 
rivers . 


lablt*  J*'  Potential  Hyilro  Prou-cts.  Subregion  5 
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I.ucky  tVak  Dam  and  Reservoir  Lucky  Peak  I'am  is  an  exist- 
ing earthfill  dam  2S0  feet  in  height,  located  on  tlie  Boise  River 
about  10  miles  cast  of  Boise,  Idaho,  at  river  mile  64.5.  The 
project  jirovides  28(',000  acre-feet  of  usable  storage  for  control 
of  destructive  floods  along  the  main  stem  of  tlic  Boise  River  for 
some  60  miles  downstream,  i'he  o|ieration  of  the  three  Boise  River 
reservoirs  (I.ucky  Peak,  Arrowrock  , and  Anderson  Ranch)  is  coordinated 
to  provide  up  to  77(),500  acre- feet  of  flood  control  space  during 
the  spring  runoff  season  and  ample  irrigation  water  during  the  valley 
growing  season,  with  tlie  I.ucky  Peak  Reservoir  being  maintained  as 
long  as  possible  at  a level  to  |)ermit  maximum  usage  of  its  recrea- 
tional facilities.  There  are  no  power  generating  facilities  at 
Lucky  Peak  at  the  present  time,  however,  current  jilans  call  for 
providing  such  facilities  if  and  when  Twin  S|irings  ['roject,  subse- 
quently discussed,  is  authorized  for  construction.  Initial 
installation  would  consist  of  two  20, IBO-ki lowatt  conventional 
units  with  space  provided  for  installation  of  a third  unit  at  a 
later  date.  The  third  unit  would  be  a reversible  ]Himp  turbine  unit 
rated  at  66,000  kilowatts.  Average  generation  witli  the  ultimate 
installation  is  estimated  at  32,()00  kilowatts  annually.  A 
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in>;  Jam  will  l)c  provided  downstream  to  serve  as  the  lower 
reservoir  during  pumpied-storage  ojierations  and  to  maintain  suitable 
flows  downstream  123,  39) 


Twin  Si^rings  Project  I'hc  damsite  is  located  at  river  mile 
103  on  the  Boise  River.  The  project  woulil  consist  of  a rockfill 
dam  4 70  feet  liigh  creating  a reservoir  wh  i eli , at  maximum  pool  eleva- 
tion 3,850  feet,  would  jirovide  (>00, 000  acre-feet  of  storage,  of 
which  490,000  acre-feet  would  he  usable  for  flooil  control  and  power 
generation.  Initial  installation  would  consist  of  two  17,250- 
kilowatt  and  one  34,500-kilowatt  unit  plus  space  for  an  additional 
future  unit  of  34,500  kilowatts,  giving  an  ultimate  installed 
capacity  of  103,500  kilowatts.  .Average  annual  generation  with  the 
ultimate  installation  is  estimated  at  3b,(>00  kilowatts.  f23,  29) 


Carden  Valle>-  Project  The  damsite  is  located  on  the  South 
fork  I'.ayette  River  about  4 miles  below  the  mouth  of  tlie  Middle  Fork. 
Hie  dam  would  be  :i  concrete-arch  tyue  about  435  feet  in  Iteiglit  above 
streambed  and  would  have  ;i  crest  length  of  a]i]irox  i mat  e ly  1,400  feet. 
I'he  reservoir  at  normal  water  surface  elevation  3,335  feet  would 
have  a tot.il  capacity  of  2,40(1,000  acre-feet  of  which  1,940,000 
acre-feet  wouhl  be  usable  for  power  generation,  flood  control,  and 
irrigation.  The  powerplant  would  h.ave  .an  initial  installation  of 
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131,2riO  k i lou.it  t:-.  .iiK.1  ,111  ultimate  installation  of  ITri.OOO  kilowatts. 
\ rore>;iilat  ion  ilam  would  l>e  located  on  the  .South  I'ork  of  faycttc 
River  .about  miles  downstream  from  ('..arden  Valley  Dam  .and  aliout 
one-half  mile  upstream  from  the  confluence  of  the  South  and  \orth 
lorks  of  Payette  River.  Ihe  rerenu  1 at  i on  dam  would  be  .a  concrete- 
yravity  structure  about  l.SD  feet  in  heij;ht  above  streambed  with  .a 
crest  leiijith  of  appro.x  i m.at  e ly  l.S.S  feet.  The  reregulator  powerplant 
would  have  an  initial  i list  .a  1 1 at  i on  of  27,000  kilowatts  with 
|irovisions  for  future  installation  of  an  additional  9,000  kilowatts, 
fhe  (iardeii  \alle>  Project,  which  includes  Smiths  Perry  diversion. 
Upper  and  lower  Scriver,  liarden  '..alley  D;im  aiul  reregul  at  i on , has 
been  recommended  for  construction  by  the  Hurc.au  of  Reclamation.  114) 

Upper  and  Power  Scriver  C.'reek  Projects  This  development 
involves  diversion  of  flows  from  the  .North  Pork  Payette  River 
throuj^h  the  intervening  divide  to  the  South  Pork  drainage  and 
C.arden  Valley  reservoir.  The  difference  in  elevation,  about  1,200 
feet  between  the  North  Pork  at  Smiths  lorry  diversion  and  Uarden 
\alley  reservoir,  would  lie  utilized  for  power  production  by  the 
Upper  and  Power  Scriver  Creek  plants  along  the  diversion  route. 
Smiths  Perry  diversion  would  consist  of  a concrete-gravity  diversion 
dam  about  -10  feet  in  height  above  streambed  witli  a crest  length  of 
about  240  feet,  creating  a reservoir  hating  normal  water  surface 
elevation  ;it  4,.w28  feet.  concrete  intake  structure  and  concrete- 
lined  pressure  tunnel  would  convoy  water  to  Scriver  Creek,  a 
tributan-  of  the  Middle  Pork  of  the  Payette  River.  funnel  length 
would  be  about  4 . (>  miles  and  the  capacity  would  be  about  1,.S.S5  cubic 
feet  [ler  second.  Ihe  tunnel  would  terminate  at  the  Upper  Scriver 
Creek  power[ilant  from  which  w.ater  would  be  discharged  into  Scriver 
Creek  reservoir.  fhe  powe rji  1 ;int  would  have  three  generating  units, 
having  a total  installed  capacity  of  about  .87,500  kilowatts,  and 
would  0]ierate  at  a gross  head  of  1.J5  to  475  feet  depending  upon  the 
w.ater  surface  elevations  at  Smiths  Perr\  reservoir  and  Scriver 
Creek  reservoir.  fhe  Scriver  Creek  Dam  would  be  an  carthfill  type 
structure  about  171  feet  in  height  above  streambed  with  a crest 
length  of  .about  580  feet.  fhe  reservoir  cre.ated  would  provide 
about  .1,950  acre-feet  of  usable  storage  for  reregulating  flows  to 
the  Lower  Scriver  C!reek  powerplant.  Water  from  Scriver  Creek 
reservoir  would  be  diverted  by  tunnel  to  tlie  Power  Scriver  Creek 
powerjilant,  a distance  of  about  1.1  miles.  Capacity  of  the  tunnel 
would  be  about  2,500  cubic  feet  per  second.  Ihe  tunnel  would 
terminate  at  Power  Scriver  Creek  jiowerplant  from  which  water  would 
be  discharged  into  Carden  \'al  ley  reservoir.  The  three-unit  Power 
Scriver  Creek  power])lant  would  have  an  installeil  capacity  of  90,000 
kilowatts  with  provisions  for  future  installation  of  an  additional 
.50,000  kilowatts.  Ihe  gross  head  at  the  pl.ant  woiihl  be  about  710 
feet  depending  u|ion  water  surface  elevations  of  Scriver  Creek  and 
Carden  Valley  reservoirs.  (14) 
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Cluffev  Project  The  damsitc  is  locuted  on  the  Snake  River  at 
about  river  mile  44S.5,  about  S miles  upstream  from  Walters  Ferry 
Bridge.  The  reservoir  at  maximum  nonnal  water-surface  elevation 
2,.'S.S4  feet  would  have  a total  caiiacity  of  ibout  332,000  acre-feet, 
of  which  27,000  acre-feet  would  he  usable  for  power  production  and 
irrigation.  The  ])lan  projiosed  for  construction  by  tlie  Bureau  of 
Reclamation  consists  of  an  earthfill  dam  al)out  190  feet  in  height 
above  streambed,  a powerplant  containing  four  generating  units  with 
a total  installed  capacity  of  8.3,000  kilowatts,  and  the  necessary 
pumping,  distribution  canals  and  drainage  facilities  to  irrigate 
the  Dr>'  bake  area  and  the  lands  on  the  south  si  tie  of  Snake  River 
downstream  from  tiuffey  l);im.  An  alternative  to  this  project  is  the 
Swan  l al  Is-fiuffey  project  discussed  below.  (14,  24) 


Swan  Falls  Ciuflby  Project  Idaho  Rower  Company  has  proj)OSed 
to  redevelop  the  existing  Swan  Falls  project  located  on  the  Snake 
River  in  Idalio  at  river  mile  455.9,  and  to  construct  a reregulating 
dam  at  the  Guffey  site.  (lie  Swan  l al  Is  redevelopment  would  consist 
of  a new  rockfill  dam  and  powerjilant  at  the  site  of  the  existing 
development.  The  new  dam  would  be  higher  and  the  powerjilant  would 
bo  larger  in  cajiaci  ty  than  the  existing  jiroject.  The  reservoir 
would  extend  29  miles  Ujistream  to  the  town  of  Grandview.  The  plant 
would  be  operated  as  a run-of-river  plant  utilizing  the  discharges 
from  the  existing  C.  .1.  Strike  j^lant  upstre;im.  The  Guffey  develop- 
ment would  consist  of  an  earthfill  reregulating  dam,  reservoir, 
and  powerjilant.  llie  reservoir  would  extend  12  miles  upstream  to 
the  Swan  Falls  development.  Maximum  static  head  would  bo  65  feet 
at  Swan  Falls  and  40  feet  at  Guffey.  The  initial  installation  at 
Swan  Falls  would  be  four  22,500  kilowatt  units  with  jirovision  for 
three  more,  giving  a total  initial  capacity  of  90,000  kilowatts  and 
an  ultimate  cajiacity  of  157,000  kilowatts.  The  Guffey  Reregulator 
would  have  two  units,  rated  at  14,500  megawatts  each.  However, 
operation  of  the  reregulator  would  limit  dejiendalile  capacity  to 
aliout  21,000  kilowatts.  Average  annual  generation  at  Swan  Falls 
and  Guffey  Reregulator  would  be  38,000  and  21,000  kilowatts, 
respectively. (24) 


Huncan  Ferry  The  d;imsite  is  located  on  the  Owyhee  River 
about  75  miles  upstream  from  Owyhee  Dam.  Duncan  Ferry  reservoir, 
operated  in  conjunction  with  Owyhee  reservoir,  would  provide 
supjilemental  water  for  the  existing  Owyhee  Project,  jirovide  flood 
control  on  the  Owyhee  River,  enhance  sports  fishery,  and  recreational 
values  of  the  area,  aTul  provide  at-site  power  generation.  I'he  dam 
would  be  a rol led-earthf i 1 1 type  structure  218  feet  in  height  above 
streambed  and  a crest  length  of  about  520  feet.  The  reservoir 
would  have  a total  cajiaci  ty  of  1 million  acre-feet,  of  which 
635,000  acre-feet  would  be  joint-use  cajiacity  for  irrigation,  power 
production,  and  flood  control.  An  additional  108,000  acre-feet 
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would  be  used  exclusively  for  power  jiroduction.  Installed  capacity 
at  Duncan  Ferry  power^jlant  would  be  14,000  kilowatts.  Average 
annual  energy  production  is  estimated  at  8,500  ki iowatts . (32) 


Subregion  b.  Lower  Snake 


This  subregion  consists  of  the  drainage  of  the  Snake  River 
below  Oxbow  Dam  and  includes  the  draining  of  the  Imnaha,  Salmon, 
and  Clearwater  rivers.  Also  included  in  this  subregion  is  an  un- 
developed reach  of  the  Snake  River  commonly  known  as  the  "Middle^ 
Snake,"  for  which  a number  of  alternative  development  plans 
been  proposed.  The  potential  hydroelectric  projects  located 
this  subregion  are  summarized  in  table  28. 
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It  should  be  noted  that  the  jiotential  output  of  the  Nez 
Perce  project  is  considerably  larger  than  the  otlier  alternatives. 
This  is  because  N'ez  Perce  utilizes  the  flow  of  the  Salmon  as  well 
as  the  Snake.  In  order  to  compare  the  total  development  potentials 
of  the  various  plans.  Lower  Canyon  on  the  Salmon  should  also  bo 
included  as  a part  of  all  but  the  Sez  Perce  plan. 


\sotin  Project  I'he  damsite  is  at  river  mile  140.8,  the 
upstream  limit  of  Lower  (Iranite  reservoir.  The  reservoir  at  normal 
jiool  elevation  842.5  feet  would  e.\tend  upstream  20  miles  to  the 
China  Cardens  damsite.  At  this  pool  elevation,  Asotin  Dam  will 
provide  104.5  feet  of  effective  head  for  power  production.  I'he 
initial  installation  would  be  three  155,000  kilowatt  units  giving 
a total  plant  capability  at  15  percent  overload  of  41)6,000  kilowatt 
The  ultimate  installation  would  add  at  least  two  more  units  giving 
a total  plant  capability  of  77(),000  kilowatts.  Average  annual 
energy  production  under  2010  irrigation  depletions  is  estimated 
at  214,000  kilowatts.  The  project  was  autliorized  for  construction 
under  provisions  of  the  flood  liontrol  Act  of  1002.  It  will  be  a 
run-of-river  development  for  the  production  of  hydroelectric  power 
with  provisions  for  the  future  addition  of  a navigation  lock. 

(55,  43j 


• High  Mo'intain  Shee])  - Cliina  Cardens  I'he  High  Mountain  .Sheep 

damsite  is  located  at  river  mile  180.0  on  the  Snake  River  about 
one-i.ilf  mile  above  the  confluence  with  the  Salmon  River  and  about 
2.7  miles  below  the  mouth  of  the  Imnaha  River.  The  development 
proposed  by  Pacific  Northwest  Power  (lompany  and  Washington  Public 
Power  Sup[)ly  System  in  a joint  application  to  the  federal  Power 
Commission  consists  of  ;i  concrete  arch  type  dam  ap|)roximately 
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(i70  feet  liigli  to  provide  a full  reservoir  elevation  of  1,510  feet 
extending;  58  miles  up  the  Snake  llixer  to  Hells  Canyon  Dam.  i'hc 
project  would  provide  2,250,000  acre-feet  of  usable  storage  for 
flood  control  and  poivei-  generation.  Penstock  intakes  would  be  set 
at  an  elevation  low  enough  to  permit  maximum  withdrawal  of  .5,100,000 
acre-feet  if  needled.  The  initial  installed  capacity  has  been 
tentatively  established  at  1,200,000  kilowatts  in  tliree  units  and 
an  ultimate  generating  c.apacity  in  seven  units  of  .5,010,000  kilowatts. 
The  plant  capabilities  (at  overload  rating)  would  be  about  15  percent 
higher.  i'hc  gross  head  for  power  with  tai  Iwatcr  elevation  010  feet, 
China  Gardens  jioo!  elevation,  would  be  505  feet.  Under  2010  irriga- 
tion depletions,  the  project  would  generate  an  average  of  about 

008.000  kilowatts  annually.  facilities  for  trapping  adult  salmon 

at  High  Mountain  Sheep  and  t rans]iorting  them  elsewhere  for  propagation 
would  be  incorporated  in  the  development . f 10 ) 

While  China  Gardens  was  not  included  as  a part  of  the  1000 
amended  application,  it  would  be  required  for  full  development  of 
this  reach.  The  clams  ite  is  located  on  the  Snake  River  at  mile  172.5, 
about  10  miles  below  the  mouth  of  the  Salmon  River.  fho  dam  would 
develop  102.5  feet  effective  head  between  High  Mountain  Sheep  and 
Asotin.  The  dam  would  be  a straight  concrete-gravity  type  with  a 
normal  pool  elevation  015  feet.  Ihe  initial  installation  would  be 
three  110,000  kilowatt  units,  giving  a total  jilant  capability  of 
.575,000  kilowatts.  Ihe  ultimate  i iis  t a 1 1 at  i on  would  be  five  units, 
giving  a total  plant  capability  of  025,000  kilowatts.  Average  annual 
generation  under  2010  conditions  would  be  100,000  k i 1 owat t s . f 1 5) 

App.iloosa- l.ow  Mountain  Sheep  This  development  is  an  alter- 
native to  High  Mountain  Sheep  dove  loiiment . I'he  A]ipaloosa  damsite 
is  located  on  the  Snake  River  at  mile  107. (>,  afiproximately  8 miles 
upstre.im  of  the  High  Mountain  Sheep  damsite.  I'he  d;im  would  be  a 
concrete  arch  structure,  h.iving  a maximum  height  of  about  (>00  feet. 

At  normal  full  pool  elevation  1,510  feet,  the  project  would  provide 

1.500.000  acre-feet  of  usable  storage  for  flood  control  and  petwer 
gener.it  i on . The  initial  installation  would  consist  of  a four-unit 
powerhouse  having  a total  installed  capacity  of  1,. 500, 000  kilowatts 
and  f)lant  capability  at  15  percent  overload  of  1,500,00(>  kilowatts. 
Ultimately,  two  more  units  would  be  added,  giving  a total  installed 
caji.'icity  of  1,050,000  kilowatts  and  a capability  of  2,250,000 
kilow.atts.  Under  2010  conditions,  the  project  would  generate  on 
the  average  about  157,000  kilowatts.  .Since  the  Appaloosa  project 

is  located  farther  upstre.im  on  the  Snake  River  th.in  High  Mountain 
.Sheep,  less  land  would  be  floodeil.  I'he  plan  also  leaves  an  open 
stretch  of  the  river  from  the  l.ow  Mountain  Sheep  reregulator,  [last 
the  mouths  of  the  Imnaha  .and  Salmon  Rivers,  and  down  to  the  head 
of  the  pool  behind  Asotin  Dam.  facilities  for  trapping  adult 
Salmon  at  l.ow  Mount.iin  Sheeji  .irnl  transporting  them  elsewhere  for 
prop.ag.at  i on  would  be  included  in  the  development. 


An  integral  part  of  the  Apjialoo.sa  alternative,  as  proposed 
in  the  amended  joint  application  filed  hy  PM’Co  and  WI’l’SS,  the  I.ow 
'■lountain  Sheep  reregii  1 at  i nj;  dam  would  he  a concrete  gravity 
structure,  located  at  mile  11)2.5  on  the  Snake  lUver,  aliout  0.75 
miles  upstre;im  from  the  mouth  of  the  Inmaha  River.  About  .50,000 
acre-feet  of  reregulation  storage  would  he  provided  in  70-fect 
drawdown  between  maximum  pool  elevation  1,100  feet  and  minimum  pool 
elevation  1,030  feet.  The  initial  installed  capacity  would  be 
15b, 000  kilowatts  and  the  ultimate  capacity  312,000  kilowatts.  At 
15  percent  overload,  the  plant  capabilities  would  be  180,000  and 
3(i0,000  kilowatts,  respect  i ve  !>• . .Average  annual  generation  under 
2010  conditions  would  l>e  about  122,000  ki lowatts . { 19 ) 


Pleasant  Valley-Low  Mountain  Sheep  I'h  is  plan,  wh  i ch  a 1 s o 
includes  reregulation  at  I.ow  Mountain  Sheep, was  the  plan  proposed 
by  Pacific  Northwest  Power  Company  in  their  original  license 
application  in  1955.  .Now  included  again,  as  one  of  the  three 
alternatives  in  the  19b9  joint  application,  the  Pleasant  Valley 
damsite  is  located  on  Snake  River  at  mile  213.0,  about  15-1/2  miles 
upstream  from  the  .Appaloosa  damsite.  I, ike  High  Mountain  Sheep  and 
Appaloosa,  tl)c  dam  would  be  of  concrete  arch  construction  and  would 
be  about  550  feet  high.  At  normal  full  pool  elevation  1,510  feet, 
usable  storage  totaling  622,000  acre-feet  would  be  provided  with  a 
124-foot  drawdown.  Plans  call  for  the  initial  installation  of 
four  units,  having  a total  installed  capacit)'  of  1,088,000  kilowatts 
(pl.int  capability  of  1,240,000  kilow;itts).  Ultimate  installation 
would  be  seven  units,  totaling  1,890,000  kilowatts  (2,170,000 
kilowatt  capability).  I'he  average  annual  generation  would  be 
391,000  kilowatts. 

Ihe  I.ow  Mountain  Sheep  reregulator  included  in  the  Pleasant 
Valley  plan  would  l)0  located  at  the  same  site  as  the  .Ajipaloosa 
reregulator  and  would  also  be  of  concrete  gravity  construction. 
However,  tlie  Pleasant  Valley  reregulator  would  have  a maximum  pool 
elevation  of  1128.  Reregulation  storage  of  28,000  acre- feet  would 
be  obtained  witlt  a 15-foot  drawdown.  Initial  installed  capacit) 
would  be  two  175,000  kilowatt  units  giving  a total  plant  capabilit)’ 
of  400,000  kilow.'itts  at  15  percent  overload.  I'he  ultimate  capacity 
would  depend  on  downstream  developments.  Average  annual  generation 
under  2010  conditions  would  be  .about  188,000  kilowatts.  (19) 


Net  I’e  rce-(!l' i na  Cardens  Although  no  longer  under  active 
consideration,  Nez  Perce  i.s  the  fourth  alternative  for  development 
of  the  Middle  Sn.ake.  I'he  d.amsite  is  located  on  the  Snake  River  at 
.approximately  river  mile  18(),  about  2-1/2  miles  beiow  the  mouth  of 
tlie  S.almon  River.  As  proposed  by  IV.ash  i ngton  Public  Power  Supply 
System  in  flit  i r .amend('d  .application  of  .August  10,  I960,  the  reser- 
voir woulil  have  a maximum  pool  elevation  of  1,510  feet  .and  provide 
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■1,700,000  aire-fcoi  of  usalile  storajje  for  iiowcr  production  and 
flood  control  with  217.r>  feet  drawdown.  Tlic  reservoir  at  full 
pool  would  extend  (>7i  miles  up  the  S.-ilinon  lUver,  01  miles  up  the 
Snake  River  to  the  Hells  (hinyoii  tailwater,  and  about  10  miles 
upstream  i>n  the  Imnah.a  River.  The  dam  would  be  a concrete,  double- 
cur\ature  arch  type,  ap]irox  i m.at  e ly  700  feet  high  with  the  lenf>tli 
alons  the  crest  beinjj  about  1 ,9.S0  feet,  including  thrust  block  and 
ailjoining  spillway.  As  proposed,  the  project  would  initially  have 
10  units,  giving  an  installed  capacity  of  about  2 million  ki  low.atts 
.and  a m.aximum  plant  c.ap.ibility  .at  LS  percent  overload  of  2,200,000 
kilowatts.  Under  ultimate  development,  six  more  units  would  be 
added,  giving  a maximum  pl.ant  capability  of  .'5,550,000  kilowatts. 

Using  present  criteria,  fewer,  larger  units  would  be  used  and  the 
ultim.ate  plant  capability  would  be  greater,  on  the  order  of 
5 million  kilowatts.  Rased  on  2010  irrigation  depletions,  the 
project  would  generate  .about  957,000  kilowatts  annually.  Because 
a high  dam  loc.ated  below  the  mouth  of  the  Salmon  River  would  block 
and  perhaps  destroy  the  import.ant  anadromous  fish  runs  in  the 
S.almon,  Imnaha  aiul  Middle  Snake  River,  the  .Nez  I’crce  project  has 
been  ab.andoned  in  favor  of  High  Mountain  Sheep  or  alternative 
project  located  above  the  mouth  of  the  Salmon  River.  (4S) 

Although  not  included  in  the  license  application,  China 
Cardens  would  be  rciiuired  to  ful  !>•  develop  the  reach  under  this 
plan  also.  The  dam  would  be  a concrete  gravit\'  structure  located 
at  mile  172.5  and,  with  a normal  pool  elevation  of  895,  would 
develop  52.5  feet  of  head.  Average  annual  generation  and  ultimate 
plant  capability  would  be  100,000  and  ,525,000  kilowatts,  respect  i ve  Iv . 

S.almon  River  fhe  Salmon  River  drains  an  area  of  about 
14,100  square  miles  of  central  Id.iho  and  has  an  average  annual 
runoff  of  about  8,100,000  acre-feet.  Although  the  Salmon  River 
and  tributaries  offer  some  of  the  greatest  potential  for  develop- 
ment of  hydroe Icct r i i power  in  the  United  States,  the  basin  remains 
undeveloped  chiefly  becaus*  of  objections  m.ide  by  fish  interests 
on  the  grounds  tliat  construction  of  diuns  on  the  Salmon  River 
would  cause  irreparable  damage  to  the  anadromous  fish  runs.  fhe 
Wild  and  Scenic  Rivers  Act,  approved  by  President  .Johnson  on 
October  2,  19(>8,  has  designated  tlu  257-mile  main  stem  of  the 
Salmon  River  from  its  confluence  with  the  Snake  River  to  the  town 
of  .North  fork,  for  study  for  iiotential  inclusion  as  a component 
of  the  National  Wild  and  Scenic  Rivers  .System. 


Lower  Canyon  P roj ect  The  damsite  is  located  at  river  mile 
0.5  on  the*  Salmon  River.  The  develojiment  proposed  in  House  I'ocument 
405  consists  of  a rockfill  type  dam  approximately  700  feet  high, 
having  a crest  length  of  2,200  feet.  At  nomal  jiool  elevation 
1,575  feet,  the  reservoir  would  extend  about  70  miles  upstream  to 
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the  I'rcedom  damsitc.  The  project  would  |mivide  2, 500, 000  acre-feet 
of  usal'le  storage  for  flood  control  and  power.  Installed  capacity, 
based  upon  present  criteria,  would  l)c  approximately  2,500,000 
kilowatts.  The  gross  head  for  power  witli  tailwater  at  elevation 
040  feet,  pool  elevation  of  (diina  Cardens,  would  be  0.55  feet.  In 
a system  providing  for  maximum  development  of  the  .Salmon  River 
(including  2, .500, 000  acre-feet  of  storage  at  Crevice],  the  l.ower 
Canyon  project  would  generate  an  average  of  50.5,000  kilowatts  annually. 
In  this  system  the  Crevice  project  would  provide  the  necessary 
storage  regulation  for  power,  and  therefore  the  l.ower  Canyon  storage 
would  not  add  any  appreciable  generation  ;it  downstream  [)rojccts. 

Because  of  the  imjiortance  of  the  S.ilmon  River  runs  of  anadromous 
fish,  it  was  recommended  in  House  Document  403  that  authorization 
and  construction  of  Lower  Can> on  project  be  delayed  pending  develop- 
ment of  adequate  fish  passage  facilities.  The  site  is  located 
within  the  segment  of  the  Salmon  Ri.er  designated  for  study  for 
possible  inclusion  in  tlie  National  Wild  and  Scenic  Rivers  System. 

( 3 , 13,  43) 


I’reedom  I'roject  The  damsite  is  located  on  the  Salmon  River 
.it  mile  ()0.3,  about  17  miles  downstream  from  Riggins,  Idfilio.  At 
normal  pool  elevation  1,780  feet,  the  effecti\e  head  would  range 
from  205  feet  to  413  feet  depending  on  the  drawdoviii  at  Lower  Canyon. 
Ihe  reservoir  would  extend  to  a jioint  about  7 miles  upstream  from 
Riggins,  Iduiio,  or  about  <)  miles  downstream  from  the  Crevice  damsite. 
ihe  poweriilant  capability  (overload)  under  ulti.iate  development 
would  be  approximately  800,000  kilowatts,  and  the  average  annual 
generation  would  be  102,000  kilowatts.  As  in  the  case  of  Lower 
Canyon,  the  Ireedom  project  would  block  the  important  salmon  runs 
and  construction  sliould  be  delayed  pending  development  of  adequate 
fisli  passage  facilities.  I'he  jiroject  is  located  within  the  segment 
of  the  Salmon  River  designated  for  study  for  possible  inclusion  in 
the  National  Wild -and  Scenic  Rivers  System.  (35) 


Crevice  Project  fhe  damsite  is  located  at  mile  00.7,  aliout 
13  miles  upstre.im  from  Riggins,  Idaho,  As  proposed  in  House 
Document  403,  the  dam  would  be  a rockfill  t>pe  structure  providing 
an  effective  head  of  725  feet.  The  reservoir,  at  normal  pool 
elevation  2,570  feet,  would  extend  upstream  ()5  miles  and  ['rovide 
2, .500, 000  acre-feet  of  usable  storage  based  on  30  percent  drawdown 
ilie  project  would  generate  on  the  average  about  435,000  kilowatts 
at-site  and  add  about  20,000  kilowatts  at  downstream  plants.  On 
the  basis  of  present  criteria,  the  [lowerjilant  capability  would  be 
approximately  2,200,000  kilowatts.  The  project  is  located  within 
the  segment  of  the  Salmon  River  designated  for  study  for  possible 
inclusion  in  the  National  Wild  and  Scenic  Rivers  System. (33) 
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l~’:ihsiiiioroi  Project  Tlie  d.-rnisitc  is  located  on  the  Salmon 
Kiver  at  mile  SO  1 . S about  S miles  below  the  moutli  of  Pahsimeroi 
River.  As  reported  in  Senate  Document  51,  >S'1th  Congress,  1st 
Session,  the  river  is  ;ibout  250  feet  wider  at  low-water  level. 
Ceological  conditions  apjiear  favorable  for  a dam  .500  feet  high 
creating  a reservoir  with  1,012,000  acre-feet  of  usable  storage 
based  upon  .55  percent  drawdown.  This  reservoir  would  affoid  almost 
com|ilete  regulation  of  Salmon  Kiver  at  the  site,  would  eliminate 
local  flood  damages,  reduce  downstream  flood  d.'images  an  appreciable 
;uiiount,  firm  uji  low  flows  for  power  generation  at  downstretim  plants, 
and  make  possible  a power  generating  capatii  1 i t>’  of  about  125,000 
kilowatts  based  on  present  cr i t eria. f 51 ) 


Challis  l’r(^ject  The  damsite  is  located  on  the  Salmon  River 
;it  mile  555.5  between  Challis  and  Clayton  at  river  elevation  5,100 
feet.  As  limited  by  tlie  elevation  of  the  town  of  Clayton,  a dam 
550  feet  b.igh  at  this  site  would  provide  about  550,000  acre-feet 
of  gross  storage  capacity.  Based  on  55  jicrcent  drawdown,  about 
550,000  acre-feet  of  usable  storage  would  be  available  for  power, 
irrigation,  and  flood  control.  Most  of  the  flood  control  benefits 
would  accrue  from  the  jirotcction  of  the  agricultural  lands  which 
intermittently  border  the  Salmon  River  for  90  miles  downstream. 
Based  on  present  criteria,  it  is  estimated  that  tlie  powerplant 
capability  would  be  ajipro.ximate ly  125,000  kilowatts.  The  average 
annual  generation  would  be  about  25,000  kilowatts.  This  project 
should  not  be  confused  with  tlie  Challis  (ireek  Reservoir,  a small 
irrigation  storage  reservoir  proposed  by  the  Bureau  of  Reclamation 
for  (!hallis  Creek,  a tri!>utar>’  of  the  Salmon  River.  fl5,  51) 


i'ailholt  Project  The  damsite  is  located  on  the  South  Pork 
Salmon  River  at  mile  52.5  about  4 miles  downstrc;im  from  the  mouth 
of  Secesli  River.  .As  reported  in  Senate  Dociunent  N’o.  51,  84th 
Congress,  1st  Session,  the  site  appears  geologically  souiul  and 
t opograjih  i ca  1 1 >'  favorable  for  construction  of  a high  dam.  Total 
storage  of  about  700,000  acre-i'eet  could  be  obtained  with  a dam 
about  550  feet  high.  Based  on  a drawdown  of  55  percent,  appro.xi- 
mately  470,000  acre-feet  of  usable  storage  would  be  available. 
Storage  on  South  Pork  would  be  desirable  as  it  is  a high  runoff 
producing  tributary  of  the  Salmon  River.  Based  on  present  criteria, 
it  is  estimated  that  the  project  generating  capability  would  be 
a|iproximately  250,000  k i lowatts  . (51  ) 


Clearwater  River  The  Clearwater  River  drains  an  area  of 
about  9,()00  square  miles  of  central  Idaho  and  has  an  avi'rage  .annual 
runoff  of  about  11,500,000  acre-feet.  Pxcept  for  a small  exist itig 
installation  at  I.ewiston  and  the  Dworshak  project  being  constructed 
on  the  North  Pork  of  Clearwater  River,  thi  hydroelectric  potential 
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of  the  -sutihasin  is  virtually  undeveloped.  Structural  jirovisions 
have  been  made  to  permit  adding  throe  more  units  to  the  Dworshak 
poweriilant.  I'his  would  increase  the  project's  peaking  capability 
to  1,219,000  kilowatts.  This  large  block  of  capacity  would  rc(jui  re 
reregulation  facilities  to  smooth  out  the  varying  hourly  discharges 
and  provide  a more  uniform  daily  flow  in  the  main  stem  of  the 
t'learwater  River. 


Penny  Cliffs  Project  The  Wild  and  Scenic  Rivers  Act,  signed 
by  President  .Johnson  on  October  2,  1968,  designates  the  Middle  Pork 
of  the  Clearwater  River  as  a component  of  the  .National  Wild  and 
Scenic  Rivers  System.  Therefore,  develoi)ment  of  Penny  Cliffs  or 
alternatives  on  the  Middle  Pork  have  been  foreclosed.  However,  a 
brief  description  of  the  Penny  Cliffs  project  follows: 

The  damsite  is  located  on  the  Middle  Pork  at  river  mile  78.9 
about  4 miles  upstrerim  from  its  junction  with  the  South  I'ork . As 
reported  in  House  Document  40.'5,  topography  of  the  site  is  favorable 
for  an  embankment  type  dam.  A rockfill  dam  with  a maximum  height 
of  620  feet  would  provide  a normal  pool  elevation  1,855  feet.  Usable 
storage  of  2,300,000  acre-feet  would  be  availalile  for  flood  control 
and  power  generation.  The  project  would  generate  on  the  average 
about  223,000  kilowatts  annual  !>■.  Rased  on  present  criteria, 
ultimate  plant  capability  would  I'e  1 million  k i low;it  ts . (53) 


I.enorc  I'he  diimsite  is  located  at  mile  31.1  on  the  Clearwater 
River,  2 miles  upstream  from  l.eiiore,  Idaho,  and  about  9.5  miles 
downstream  from  .Ahsahka,  lilaho.  The  reservoir  with  10  feet  of  draw- 
down would  provide  approximately  11,000  acre-feet  of  pondage  for 
power  generation  and  reregulation  of  Dworshak  peaking  releases. 

At  normal  pool  elevation  975  feet,  the  reservoir  would  extend  11 
miles  up  the  (Mearwater  River  and  up  the  North  Pork  to  Ikvorshak  Dam. 
The  d;un  would  have  an  effective  height  of  75  feet  and  would  be  about 
1,830  feet  in  length.  lish  passage  facilities  would  be  located  on 
both  the  south  and  north  shores.  The  project  would  generate  an 
.average  of  75,000  kilowatts  annually,  and  the  ultimate  plant  capa- 
bility, which  would  depend  on  downstrciim  development,  could  be  as 
much  as  375,000  k i 1 owat ts . (34  ) 


Peck  Project  This  project  is  an  alternative  to  the  I.enore 
project.  The  damsite  is  located  on  the  Cleaivater  River  at  river 
mile  .36.0,  about  5 miles  upstrejim  from  I.enore  damsite.  At  normal 
j)ool  elevation  975  feet,  the  reservoir  would  extend  11  miles  up  the 
m.ain  stem  Clearw.ater  and  to  Dworsh.ik  Dam  on  the  North  Pork.  The 
project  would  provide  .an  effective  height  of  only  40  feet  as 
compared  with  75  feet  at  I.enore.  The  project  would  generate  an 
average  of  38,000  kilowatts  annually  and  its  total  ultimate  plant 
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Capability  would  Ik*  about  175,001)  kilowatts.  l-'ish  passage 
facilities  wouKl  be  located  on  botli  shores. (.51) 


Agatha  Project  1 lii  s project  is  an  element  of  tlie  plan  that 
includes  the  Peck  development.  I'iie  damsite  is  located  at  mile  2o.5 
on  tlie  Clearwater  kiver.  At  normal  pool  elevation  9.50  feet,  the 
project  would  liave  an  effective  heiglit  of  53  feet.  The  reservoir 
would  extend  up  the  Clearwater  River  to  I’eck  Dam.  Ilic  project  would 
iiavc  an  ultimate  plant  capability  of  about  275,000  kilowatts  and 
would  generate  an  average  of  58,000  kilowatts  annually.  I-ish  passage 
facilities  would  t>e  provided  on  liotli  sliores . Develojiment  of  benore 
project  in  lieu  of  Peck  would  [irolialily  foreclose  development  of 
Agatha. (31  ) 


Myrt  le  I'roject  Hie  Myrtle  Project  is  an  element  of  the 
I’cck  plan.  The  damsite  is  located  at  mile  17.5  on  tlie  Cleanv'ater 
River.  \t  normal  pool  elevation  877  feet,  the  project  would 
develof)  (i(i  feet  of  gross  head,  i'he  reservoir  would  extend  uji  to 
Agatha  Dam.  Tlie  project  would  generate  an  average  of  71,000  kilowatts 
annually  and  have  an  ultimate  jilant  capacity  of  aliout  350,000 
kilowatts.  I'ish  passage  facilities  would  lie  jirovi ded . (31 ) 


l.ajiwai  Project  iliis  ]iroJect  would  develop  the  remaining 
35  feet  of  liead  between  the  existing  Washington  Water  I’ower  Company 
dam  at  l.ewiston  and  'Krtle  Dam.  I'he  diuiisite  is  located  on  the 
Cleanvater  kiver  .at  mile  9.S.  At  noi'in.al  pool  elevation  805  feet, 
the  project  would  generate  an  aver, age  of  38,000  kilowatts  annual  1)'. 
The  ultimate  plant  capaiiility  would  be  approximately  175,000 
kilowatts.  lish  passage  facilities  woultl  be  jirovi  ded . (3 1 1 


Subregion  7,  Mid  tiolumliia 


The  Mid  Columbi.a  subregion  consists  of  the  area  drained  by 
tile  (,'olumliia  Kiver  lie  low  the  moutli  of  ttie  Snake  kiver  and  aliove 
Bonneville  Dam.  Ihe  only  [lotential  hydroelectric  project  in  this 
subregion  is  the  .\inefoo1  Creek  Project  on  the  Wliite  Salmon  River, 
a minor  nortli  stiore  tributary. 

\i  nefoot  Creek  Dam  Project  I'he  .Ninefoot  Creek  damsite  is 
located  at  river  mile  3-1.7  on  the  White  Salmon  River  in  W.ashington. 
.Amended  .ap[i  1 i cat  i on  for  license  was  filed  liy  the  Public  Dlilit\' 
District  No.  1 of  Klickitat  County,  Washington,  on  April  15,  19(i5. 
I'he  project  would  consist  of  the  Ninefoot  Creek  Diversion  Dam  on 
tiie  White  Salmon  River,  an  8,(KK)-foot  canal,  the  Creen  Can\'on 
forebay  reservoir  on  Creen  Canyon  Creek,  a 3,350-foot  penstock, 
the  Trout  Creek  Powerliouse  on  Trout  Take  Creek,  and  a reregulating 
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reservoir  on  Trout  Lake  Creek.  The  plant  would  develop  904  feet 
of  head,  and  the  usable  storage  in  the  Green  Canyon  reservoir  would 
be  about  7,000  acre-feet.  The  powerplant  would  contain  two  20,000 
kilowatt  units  and  would  generate  about  10,000  megawatts  annually. 

(9) 


Subregion  8,  Lower  Columbia 

This  subregion  consists  of  the  drainage  of  the  Washington 
tributaries  to  the  Columbia  between  the  Grays  River  and  Bonneville 
Dam  and  the  Oregon  tributaries  between  the  Clatskanie  River  and  St. 
Helens.  The  major  tributaries  in  this  subregion  are  the  Lewis  and 
Cowlitz  rivers. 
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Cowlitz  Falls  Public  Utility  District  No.  1 of  Lewis  County, 
Washington,  has  filed  an  application  for  preliminary  permit  for 
Cowlitz  Falls  Project.  ITie  proposed  plan  consists  of  a concrete- 
gravity  diversion  dam  about  70  feet  high  and  about  400  feet  long 
to  be  located  on  the  Cowlitz  River,  about  5 miles  southeast  of  Kosmos , 
Washington;  a reservoir  providing  about  3,000  acre-feet  of  usable 
storage;  a concrete- lined  diversion  canal  about  1,000  feet  long; 
intake  structure,  and  150-foot  long  steel  penstocks;  and  powerhouse 
providing  total  capacity  of  about  45,000  kilowatts. 


Lewis  River  The  Lewis  River  drains  an  area  of  1,050  square 
miles  lying  between  the  Cascade  Range  on  the  east  and  Columbia 
River  on  the  west.  The  main  branch  of  the  Lewis  River  has  its 
source  on  the  northwest  slope  of  Mt . Adams.  It  flows  in  a south- 
westerly direction  approximately  110  miles  and  joins  the  Columbia 
River  at  mile  87.0,  about  19  miles  downstream  from  Vancouver, 
Washington . 


Muddy  Project  The  project  would  be  located  on  the  Lewis 
River  at  mile  61.  Application  for  license  was  filed  by  Pacific 
Power  5 Light  Company  on  November  26,  1956.  This  storage  project 
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would  consist  of  an  eartlifill  dam  which  would  provide  277,000  acre- 
feet  of  usable  storage  at  full  pool  elevation  1,300  feet.  Maximum 
gross  head  for  power  generation  would  vary  from  300  to  335  feet, 
depending  on  the  pool  elevation  at  Swift  No.  1,  just  downstream. 

Ihe  powerplant  would  have  an  installed  capacity  of  110,000  kilowatts 
l-ederal  Power  Commission  action  is  pending  on  this  application. 

This  ]iroject  would  be  operated  in  coordination  with  the  company's 
Merwin,  Yale,  and  Swift  projects  located  downst ream. (23) 


Meadows  Project  Tlie  [i reject  would  consist  of  two  power- 
plants  utilizing  the  flow  of  Rush,  Curly,  Meadow,  and  Big  (.reeks, 
tributaries  of  the  I.ewis  River.  .Application  for  license  was  filed 
by  Pacific  Power  fi  l.ight  Company  with  the  federal  Power  Commission 
on  .lanuary  28,  I'.lS'.l.  The  initial  installation  would  consist  of  a 
diversion  d;im  on  Rush  tireek  and  the  25,000-ki  lowatt  Lower  Drop 
powerhouse  on  the  proposed  Muddy  Reservoir.  The  ultimate  develop- 
ment would  include  in  addition  the  Skookum  Reservoir  on  Big  Creek, 
a diversion  dam  on  Meadow  Creek,  the  25 , OOO-k i lowatt  Upper  Drop 
powerhouse  on  Rush  Creek,  and  an  additional  30, OOO-ki lowatt  unit 
at  the  i.ower  Drop  powerhouse.  The  Lower  Drop  would  develop  1,(U)1 
feet  and  the  Upper  Droji  850  feet  of  gross  head.  Usable  storage  in 
the  Skookum  Reservoir  would  be  70,000  acre-feet.  All  dams  will  be 
earth  and  rock f i 1 1 . I 23 1 


Sub  reg i on  0 , Kill ame  1 1 e 

This  subregion  consists  of  the  Willamette  River  Basin  in 
Oregon.  A number  of  potential  hydroelectric  projects  were  investi- 
gated in  the  Wilhimette  Basin  Comprehensive  Study  of  Water  and 
Related  Land  Resources  completed  in  1070.  One  conventional  hydro- 
electric project,  the  Shellrock  Project,  has  been  included  as  a 
long-range  element  of  the  (lomiirehensi ve  Basin  Plan.  In  addition, 
several  potential  pumped-storage  jirojects  have  been  included  in  the 
plan,  and  these  are  discussed  in  the  pumped-storage  section  of  this 
chajiter.  lor  further  details  of  the  sites  investigated,  reference 
should  be  made  to  Appendices  ,I  (Power)  and  M (Plan  formulation)  of 
the  Willamette  Report. (25,  26) 


Shellrock  Project  This  project  would  be  a single-purpose 
hydroelectric  project  located  on  the  Oak  Crove  fork  of  the  Clackamas 
River  above  Lake  Harriet.  Water  would  be  diverted  from  the  Oak 
Crove  fork  just  below  Timothy  Lake  and  conveyed  1 to  5 miles  downstre 
in  a pipeline  to  develop  about  D25  feet  of  head.  The  ]iowcr]ilant 
would  have  an  installed  capacity  of  35,000  kilowatts  and  a peaking 
capability  at  15  jicrcent  overload  of  about  40,000  kilowatts.  Aver- 
age annual  energy  would  be  about  12,300  megawatts.  Operation  of 
the  plant  would  be  coordinated  with  the  existing  Timothy  Lake  and 
Oak  Crove  jirojects.  (0,  25,  2(>) 
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Subregion  U',  Cionstal 


This  subregion  consists  of  all  Oregon  and  IVashington  streams 
draining  to  the  Pacific  Ocean  exce]U  for  the  Columbia  River.  Only 
one  potential  project  from  this  subregion  is  included,  tlie  liden 
Ridge  iiroiect  on  tlie  South  lairk  Co<piille  River  in  Oregon. 


fden  Ridge  Project  Tlie  d;unsite  is  located  on  the  South 
Pork  lioquille  River.  Application  for  license  was  filed  .January  29, 
19o0,  by  Pacific  Power  l\  l.iglit  Company  ivith  the  federal  Power 
Commission.  The  applicant  has  indicated  plans  to  amend  the  appli- 
cation to  construct  the  jiroject  in  tv\o  stages.  The  first  stage 
would  include  ;t  concrete-arch  or  concrete-gravity  dam  at  the  Hden 
Ridge  site  with  normal  pool  elevation  2,240  feet  and  a powerhouse 
with  initial  ca[iacitv  of  .40,000  kilowatts.  Tlie  second  stage  would 
include  raising  the  dam  to  provide  a pool  elevation  of  2, .440  feet, 
construction  of  l.ockh.irt  Dam  about  .4  miles  ilownstrcam,  and  increas- 
ing the  poweri'lant  installation  to  al>out  90,000  kilowatts.  Ils.able 
storage  would  be  llO.t'OO  acre-feet  at  1 den  Ridge  Reservoir  and 
2,()00  ;icre-feet  at  i.ockhart  Reservoir.  I'he  average  annual  genera- 
tion would  be  about  22,()00  kilowatts.  Power  will  be  developed  by 
releases  from  either  lalen  Ridge  or  lockhart  Reservoirs  through  a 
12,0(l0-foot  power  tunnel  and  4,100-foot  jieiistock  to  the  [lowcrhouse. 
(24.  24) 


Sub  regi  o_n  j_l  , I'liget  Sound 

This  subregion  consists  of  all  K.islungton  streams  ilraining 
to  the  Strait  of  Ceoi'gia,  I'uget  Sound,  and  tlie  Strait  of  .Juan  de 
1 uca  west  to  the  flwha  Ri\er.  Included  in  the  following  discussion 
are  a number  of  iiotential  ]irojects  under  active  i .nvest  i gat  i on . In 
.addition,  a number  of  U'ssir  iirojects  were  investigated  in  the 
Com[i  rehens  i ve  U.iti'r  Resource  Stud)'  of  the  Puget  Sound.  (20) 
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Nortli  l ort-  Siioqiialiiiic’  Ri  V£j'_l'roJci^  TIk'  project  would 
consist  of  ;m  cartlinil  cmhankment  ahoiil  aOU  feet  in  lieij^lit  from 
li;ise  to  crest  and  a top  lenj;tlt  about  l,70t'  feet.  The  damsite  is 

at  river  mile  11.7  on  the  North  lork  .Snoqiuilmie  River,  about  11 
airline  miles  north  aiul  e.ist  of  Smxpia  Imi  e , Wash  i nj;t  on  . .Normal 
full  pool  would  be  elevation  1.S15  feet.  The  winter  oper.'ition 
would  call  for  holding  the  reservoir  lielow  elevation  1,S0‘.)  feet 
from  November  to  Marcli  of  eai.h  year,  thus  jiroviding  5I>,00()  .acre- 
feet  of  flood  control  stnr.age.  .\n  additional  >1.7, (lOO  acre-feet 
would  lie  reserved  for  power  generation  and  low  flow  augmentation. 
The  power  generating  i nst  ,al  lat  ion  would  consist  of  two  I.N.IKIO- 
kilowatt  units  .and  oiu  4 , UlHi- k i I ow  at  t unit  for  a total  of  .’Sti.tiOO 
kilowatts,  operating  undei'  .an  ava'rage  gross  head  of  24.4  feet.  I'lie 
[ilant's  pi'.aking  cap.ali  i 1 i t y woiiKI  be  .4.1,500  kilowatts,  ;md  the 
average  annual  gener.it  ion  would  be  about  7,000  kilowatts.  This 
[iroject  waiiiKl  lu'  operated  in  coniunction  with  the  North  l-ork 
Re  regu  1 at  i r.g  Oam  describetl  below.  (24,  2(i,  10) 


Vinh_lork  l^erogj.ilatjng  Dam  The  reregulating  damsite  is 
located  on  the  middle  i-each  of  the  North  i'ork  .Snoqualmie  River 
5 . .S  miles  downstream  from  the  North  fork  storage  reservoir.  The 
project  woulil  ilepend  on  sustained  and  controlled  releases  from  the 
upstream  dam  for  operation  and  would  reregul.ate  flows  as  required, 
rile  dam  woukl  be  a combination  etirthfill  and  concret  e-gravi  t\' 
structure  about  1,040  iT-et  long.  Maximum  height  would  be  about 
SO  feet  from  foundation  to  crest.  Ihe  powerhouse  would  be  located 
.qiproximal  e ly  4.4  miles  downstream  at  river  mile  2.5.  .\n  11,(100- 

foot  long  canal  would  coiuey  water  from  the  outlet  works  to  the 
penstock  intake.  I hi'  steel  penstock  would  be  8.5  feet  in  diameter 
ami  2,000  feet  long.  I'he  power  generating  inst  al  l.at  ion  would 
consist  of  one  .40 ,000-k  i low.it  t unit  operating  under  a gross  head 
of  572  feet.  The  plant's  peaking  ca[iabilit\'  would  be  42, 4(H) 
kilowatts,  and  the  average  annual  energy  production  is  estimated 
at  24,001)  ki  lowatt'-.  (0,  2(> , 101 


Sultan  l’roJ(.^:t  \ license  for  the  jiroject  was  issued  by  t he 

ledtral  Rower  (.'ommi  '.s  i on  to  Snohomish  founty  I’llD  .No.  1 and  the  cit> 

of  Iveiett,  Uashington,  joint  licensees,  effective  .lune  1,  I'.iol. 
the  license  authorised  construction  of  the  project  in  two  stages. 
Stage  1,  which  has  been  ioiii[ileted,  is  utilized  solel>’  as  a stor- 
age reservoir  for  tiu-  city'-  water  supph’  s\stem  and  consists  ol 

fulniback  Dam,  a rockfi  11  ilam  aiross  tlU'  Sultan  River  at  about  mi  le 

17,  and  diversion  facilities  located  aip'rox  i mat  e ly  (i  miles  down- 
stream. The  license  reijui  red  commi-ncemen  t of  construction  ol 
Stage  II  by  .hiiie  of  I'.Hil’,  and  comph'tion  by  .lime  of  l‘)7().  .\s 
originally  planned,  l>tage  II  consists  ot  several  eleiiients.  ilu 
most  important  would  entail  raising  Ctilmback  Dam  from  its  present 
elevation  of  1,408  to  elevation  1,478  to  provide  a reservoir  with 
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a normal  oporatins  [lool  at  olovation  1,430.  It  would  also  include 
construction  of  powerhouse  No.  1 and  ]K'rtinenl  facilities  at  Culmhack 
Pam.  A second  dam  would  he  const  ructeil  aitout  .3-1/2  miles  downstre;un, 
and  an  1 1 , 300- foot  - 1 ong  tunnel  would  carry  water  to  powerhouse  No. 

2,  loc.ited  Just  above  the  exist  itig  city  of  liverett  diversion  dam. 

An  additional  tunnel  would  he  constructed  from  the  diversion  dam 
to  the  existing  l.ake  (Ihajilain  reservoir.  A 10,000-foot  lined  power 
canal  would  carr>'  water  from  Lake  fha]ilain  to  ]iowerhouse  No.  3, 
located  on  the  Sultan  River  at  river  mile  (>.  The  proposed  installed 
ca]iacities  are  as  follows;  Sultan  No.  1,  two  units  totaling  84,000 
kilowatts;  Sultan  No.  2,  two  units  totaling  32,000  kilowatts; 

Sultan  No.  3,  one  unit  of  24,000  kilowatts.  I’hase  11  has  since 
been  deferred,  and,  if  constructed,  may  involve  a somewhat  different 
plan  of  development,  iiossihl)’  involving  pumped-storage . ( 23J 

IMlchuck  River  Project  An  application  for  a preliminary 
permit  has  been  filed  with  tlie  l-ederal  Rower  (.ommission  by  the 
city  of  Snohomish,  Washington.  'I’he  proposed  project  would  consist 
of  a two-stage  tleve 1 opment . Stage  1 would  include  construction  of 
a 30-foot  high  concret e- .ai'ch  dam  and  reservoir  locateti  about  17 
miles  upstream  from  the  city  of  Snohomish  on  the  I’ilchuck  River, 
a water  treatment  plant  adjacent  to  the  dam,  and  a water  supiily 
coruiuit  to  the  city  of  Snoliomish.  Stage  II  construction  would 
include  increasing  the  height  of  the  dam  to  130  feet,  a i^owerhouse 
with  installed  capacit\-  of  4,000  kilow.att;.,  and  apinirtenant 
f.ic  i 1 i t i es  . ( 2() ) 

riuinder  (reek  ,\n  app  1 i c.it  i on  for  a proliminan'  permit  has 
been  filed  with  the  federal  Rower  Tommission  by  Seattle  Cit\'  Light 
for  the  Thunder  Treek  IHversion  Rroject.  The  proposed  [iroject 
would  consist  of  a thin-arch  divet-sion  dam  about  185  feet  high  and 
about  .150  feet  long,  located  on  Ihuiuler  Creek,  a tributar)'  of 
Skagit  River  and  a (i-l/2  mile  long  tunnel  to  conve\’  water  to  Ross 
Lake.  It  is  estim.ited  the  power  out|iut  at  Ross  powei-(ilant  would 
be  increased  by  .about  13  perciuit  by  the  proposed  di  ve  rs  i on  . ( 2(i  I 

Lower  S.auk  Rroject  Contained  in  otu'  of  the  alternate  long- 
range  plans  in  the  Ruget  Sound  Study,  the  Lower  Sauk  Rroject  would 
be  a mu  1 1 i p 1 e- purpose  stoi'.age  reservoir  located  at  mile  3 on  the 
Sauk  River.  Kith  a pool  elevation  at  I'.HI  fei't  , 131,000  acre-feet 
of  storage  would  be  .available  for  flooil  conti'ol,  low  flow  augmenta- 
tion, recreation,  and  powi'r.  Peveloping  ;i  head  of  210  feet,  the 
powei*jilant  wouKI  have  an  installed  ca|iacity  of  9(>,000  kilowatts 
(110,000  kilowatts  .at  13  percent  overload)  and  would  generate  an 
average  of  about  33,000  kilowatts  annua  1 ly  .( 2(i , 27) 
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Sub rcg ion  12.  Oregon  Closed  Basins 

rhere  are  no  potential  hydroelectric  projects  in  this 
subregion . 


Suminarv 

— . — — — X- 


rhroughout  tlie  (!olumbia-\orth  Pacific  Region  there  remain 
significant  undeveloped  hydroelectric  resources.  The  forecasted 
power  demands  show  that  all  of  the  hydroelectric  capability  which 
can  be  economically  developed  in  the  Pacific  Northwest  will  be 
usable  in  meeting  regional  loads.  It  is  possible  that  some  of  the 
projects  listed  can  be  developed  as  single-purpose  power  projects. 
However,  the  need  for  the  most  efficient  use  of  our  limited  water 
resources  tends  to  favor  multiple-purjiose  development.  Opportunities 
exist  for  developing  hydroelectric  power  potential  at  storage 
projects  which  will  be  constructed  to  meet  such  needs  as  irrigation, 
flood  control,  water  quality,  municipal  and  industrial  water  supply. 

Some  of  the  projects  discussed  in  this  appendix  have  been 
studied  in  considerable  detail  while  the  information  available  on 
many  other  potential  developments  is  limited,  and  additional  study 
is  required  to  determine  feasibility.  Table  32  summarizes  the  un- 
developed hydroelectric  potential  of  the  various  subbasins  discussed 
in  this  appendix. 
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Rcservoi r Storage 


The  l!o  lumb  i a-North  Pacific  Uo>;  ion  is  (.livicled  into  areas  of 
distinctly  different  liydrolosic  character,  one  lying  west  and  the 
other  east  of  the  Cascade  Range.  The  coastal  streams  to  the  west 
are  relatively  short  and  empty  into  the  Pacific  Ocean,  Puget  Sound, 
or  the  lower  Colimibia  River.  On  the  west  side,  precipitation  from 
the  predominant  winter  storms  is  generally  in  the  form  of  rain 
rather  than  snow,  and  the  runoff  cannot  be  reliably  forecasted  more 
than  a few  days  in  advance.  bast  of  the  Cascades,  the  Columbia 
River  drains  an  area  in  e.xcess  of  a (piarter  million  square  miles 
where  snowmelt  runoff  has  a major  effect  on  the  annual  streamf low- 
pattern.  The  ability  to  jiredict  runoff  from  the  snowfed  streams 
permits  efficient  management  of  the  water  resources  by  providing 
the  ability  to  operate  storage  on  a forecast  basis. 


Compatibility  of  Storage  Use  Ihe  major  annual  flood  on  the 
Columbia  River  occurs  within  the  period  from  Ma_\-  to  .July  and  results 
from  the  melting  of  snow  which  has  accumulated  during  the  winter. 
Muring  those  months  when  the  prec i j'i tat i on  at  the  higher  elevations 
is  being  stored  as  snow  rather  than  contributing  to  the  river's 
flow,  the  region's  electric  loads  are  highest,  i'o  obtain  the 
required  generation,  the  low  natural  flows  .-ire  supplemented  by 
releases  from  stored  water,  and  tluis  the  reservoirs  which  are  operated 
for  power  normall>-  reach  tlieir  lowest  levels  before  the  occurrence 
of  the  May-.Iuly  flood  flows.  Once  the  flood  flows  are  stored,  the 
reservoirs  may  be  held  full  for  recreational  use  until  the  storage 
is  again  required  for  power  or  other  uses,  efficient  storage  oper- 
ation for  power  and  flood  conti’ol  serves  also  to  improve  conditions 
for  navigation  where  open  river  reaches  remain,  b\-  increasing  dejiths 
of  flow  during  the  low  natural  flow  months.  Irrigation  and  low  flow 
augmentation  for  pollution  abatement  also  require  the  storing  of 
floodwatcrs,  but,  unlike  power  and  navigation,  the  greatest  need 
for  storage  release  occurs  during  the  warm,  dry  summer  months. 

Thus  water  stored  and  released  for  irrigation  and  water  cpiality, 
although  assisting  in  flood  control,  does  not  contribute  as 
directly  to  increased  firm  ca]iacity  or  usable  energy. 

On  the  west  side  of  the  C.ascade  Range,  the  major  floods  are 
caused  by  severe  storms  which  occur  chiefly  during  .’'iovemher, 

Mecember,  and  .January'.  However,  the  magnitude  and  intensity  of  a 
storm  cannot  always  be  used  as  an  index  to  the  resulting  flood. 
Temperature  sequence,  ground-water  recharge,  snowpacK,  and  other 
factors  influence  the  rate  as  well  as  the  volume  of  runoff.  The 
regulation  of  the  multiple-purpose  reservoirs  located  on  the  west 
side,  specifically  those  located  in  the  Willamette  River  Basin,  is 
normally  divided  into  three  seasons:  (1)  major  flood  season, 

November  1 - .January  .^1;  (2)  conservation  storing  season,  bebruary  1 - 
May  .’il;  and  f.^)  conservation  release  season,  .June  1 - October  31. 
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'laximum  flooil  control  space  is  [)rov'idccl  clurin^i  the  [)eriod  of  maxiinuir. 
flood  ['otentiai.  lUirinj;  that  season,  the  ri-servoirs  are  held 
evacuated  to  minimum  flood  control  pool,  or  filled  and  emjnied  as 
the  control  and  regulation  of  floods  may  re(|ui  re  tlic  use  of  the 
flooil  control  storage  s[iace.  During  a critical  water  year  on  the 
(iohunbia  liiver,  power  generation  re(piired  at  Killamette  Basin 
[irojects  to  meet  system  firm  commitments  may  curtail  scheduled 
filling  at  some  IVillamette  Basin  reservoirs  and  result  in  partial 
filling  of  tlie  reservoirs  to  the  extent  tliat  there  would  not  lie 
enougli  conservation  storage  to  meet  irrigation  and  other  high- 
priority  requirements  during  tlie  conservation  release  period. 

Should  this  occur,  exclusive  power  storage  and  possibly  dead  stor- 
age in  the  amount  that  power  releases  curtailed  the  scheduled  filling 
may  be  used  for  irrigation  and  other  high-jiriority  uses.  Tliis  is 
a risk  til  at  power  will  assume  if  special  regulation  for  power 
Jeopardizes  the  normal  reservoir  filling. 

changes  in  Use  of  Storage  The  p.ittern  of  storage  regulation 
for  hydroelectric  power  ]iroduction  will  change  as  the  Pacific 
Northwest  integrated  jHiwer  system  progresses  from  a hydro  base  to 
a thermal  base.  During  the  initial  stage  all  available  power  stor- 
age will  be  used  during  the  adverse  water  years  to  produce  the 
maximum  possible  prime  jiow.er.  This  will  est.ablish  the  maximum  firm 
load  which  can  be  c.irried  by  the  s\stem,  and  therefore,  in  years  of 
better  tiiaii  minimum  flow,  the  avail.ible  sfor.age  will  not  be  fully 
used  for  power  generation.  During  the  second  stage  of  deielopmeiit , 
thermal  generation  will  grow  rajiidly,  and  installations  .at  main 
river  hydro  plants  will  be  i'X|)anded.  Ml  av.iilable  energy,  includ- 
ing much  tli.it  w.is  formerly  spilled,  will  become  usable  for  replacing 
tlierm.al  electric  i-nergy.  \s  much  stor.age  will  be  withdrawn  during 
the  winter  se.ason  as  c.an  be  replaceil  with  forecasted  flood  season 
flows.  As  a result,  the  average  .innual  use  of  storage  will  be 
greater  than  in  the  initial  stage.  During  jieriods  of  adverse 
St  re  .am  flow,  all  power  storage  necessary  to  meet  fi  im  loads  will  be 
used  as  it  wouUl  be  in  the  initial  st.ige. 

In  the  ultimate  stage  of  deve  lo|niient  , reservoirs  will  be 
maintained  at  a relatively  high  level  to  provide  full  plant  jieak i ng 
capability  until  the  .lanuary  peak  load  has  cecurreT.  lollowing  the 
annual  peak  load,  storage  will  be  wiflulr.iwn,  on  a forecast  b.isis, 
to  generate  hydro  energy  to  rej'lace  tliermal  energy  atul  to  prevent 
subsequent  sju  1 1 during  the  flood  runoff  season.  The  change  from 
one  stage  to  tlie  next  will  be  gradual,  and  the  length  of  each  period 
will  dejicnd  on  the  rate  of  load  growth,  the  rate  of  adding  new  stor- 
age and  thermal  generation,  and  the  magnitude  of  the  ultimate  hydro- 
installed  capability.  I'he  common  objective  in  all  three  perioils  is 
to  reduce  the  s]ii  1 1 of  water  during  the  high  runoff  [leriod  by  stor- 
ing flows  in  excess  of  downstream  plant  hydraulic  capacities  and 
thus  convert  |iotential  spill  into  a usable  commodity. 
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I’oakina  Installati ons 


Peaking  capacity  may  he  defined  as  that  jiart  of  a power- 
plant’s  generating  capacity  which  is  o|ierated  during  periods  of 
highest  electrical  energy  demand.  Tlie  amount  of  peaking  capacity 
to  he  installed  in  a liydroelectric  plant  is  dependent  on  a number 
of  factors,  one  of  the  most  important  being  operating  limitations, 
such  as  rate  and  amount  of  change  in  reservoir  and  tai Iwater  ele- 
vations, that  may  lie  imposed  for  the  protection  of  other  water- 
oriented  interests.  Other  factors  include  streamflows,  reservoir 
storage  and  pondage  capacity,  and  availalile  head.  In  the  Pacific 
Northwest,  many  hydroelectric  projects  arc  being  designed  and 
constructed  with  provisions  included  for  the  future  installation 
of  additional  generating  units  when  needed  to  serve  increased  loads. 
In  some  cases  it  may  be  necessary  to  provide  reregulation  facilities 
when  the  additional  capacity  is  installed  to  smooth  out  tlie  peaking 
releases  and  maintain  safe  and  accejitable  conditions  downstream. 
P.xamplcs  of  such  requirements  are  found  at  l.ibby  and  Dworshak  where 
an  open  river  of  some  extent  exists  downstream  from  each  of  the 
projects.  Both  the  l.ibby  and  Dworshak  powerplants  have  been  designed 


C(m0trui?t.ion  at  Grarui  Coulee  Third  Pouerhouee  rould  ultimatelii  provide  ?,T.OO  •*ru'  of  addi  tional 
peal^iruf  rapacity  lHureau  of  Her hv^kit  ion) . 


to  opiToto  11 1 1 I y .it  an  .innnal  cajiacity  factor  of  approximately 

Jit  percent.  In  aiMition  to  tlie  initi.al  installations,  int.akes, 
piMistiH'ks,  aiul  sniist  ructnres  ;m-  now  heinj;  constructed  to  f.icilitate 
i list  a 1 1 ;it  i on  of  the  future  peaking  units. 

At  the  idlumhia  River  and  lower  .Snake  run-of-river  proji-cts, 
I'acilities  are  .ilso  heinj>  included  in  the  initial  phase  for  the 
future  installation  of  additional  peaking  units.  However,  in  the 
interest  of  navijiation  ami  other  water  uses,  the  ultimate  annual 
capacity  factor  of  these  plants  has  been  limited  to  about  40  percent 
I'his,  coupled  with  available  pondage  and  overlap  provided  at  each 
I’lroject,  results  in  maintaining  acceptable  conditions  for  navigation 
in  the  \arious  resenoirs. 

At  r.  r.nul  foil  lei',  construction  of  a third  powerjilant  is 
uiulerway.  Hheii  the  six  t>00 ,000-ki  lowatt  units  currently  authorized 
are  completed,  the  I'.rand  foulee  project  will  provide  a total  rated 
capaciti'  of  5 ,000  kilowatts  including  the  addition  of  two 

48 , .SOI  k i 1 owat  t inimii-t  urbi  ne  units  in  the  existing  pum[iing  plant. 
Upon  completion  of  the  Columbia  River  Treaty  projects  in  Canada  and 
the  l.ibby  Ham  in  the  United  St.ites,  the  usable  storage  for  regula- 
tion of  the  Columbia  River  above  Crand  Omlee  will  be  more  than 
tri|iled.  The  increased  firm  streamflow  plus  its  high  head  make 
Crand  (!oulee  ideal  for  installing  additional  peaking  capacity  beyond 
the  six  presently  under  construction.  (Ions  i derat  i on  is  being  given 
to  further  powerjilant  expansion  by  installing  six  additional  0)00,000 
kilowatt  units.  This  would  increase  the  total  capacity,  excluding 
jHimji- turb  i lies  , to  0,170,000  kilowatts.  The  addition  of  four  more 
reversible  jiump-turb i nes  at  the  jiumping  plant  will  increase  the 
total  rated  cajiacity  to  0,7()1,000  kilowatts.  The  average  annual 
cajiacity  factor  would  be  about  2.S  jiercent. 

At  Chief  .losejih,  intakes  were  jirovided  during  the  initial 
jihase  for  a total  of  27  units,  of  which  10  units  were  installed. 
Plans  are  currently  underway  to  install  the  final  11  units  during 
the  years  107f>-77.  IVhen  completed,  the  27-unit  powerjilant  will 
jirovidc  apjiroximately  2,000, 000  kilowatts  of  rated  capacity,  and 
2,482,000  kilowatts  of  jieaking  capability.  Average  annual  capacity 
factor  will  be  ajijiroxi mate ly  .SO  percent.  Tike  Crand  Coulee,  tihief 
•loseph  is  also  ideally  suited  for  the  installation  of  additional 
peaking  cajiacity  beyond  the  currently  authorized  27-unit  jilant. 
•Studies  are  underway  considering  raising  the  Chief  .Joseph  pool  to 
more  efficiently  accommodate  jieaking  releases  from  Grand  Coulee  as 
well  as  to  provide  more  generating  units  at  site. 

Table  .85  lists  jiroposed  additions  at  existing  hydroelectric 
projects.  At  mo? t of  these  plants,  structural  jirovisions  have  been 
made  for  the  future  addition  of  the  units  listed.  At  other  projects 
only  the  space  has  been  provided. 


84 


I.ihjf  <l  r<‘  I A I ' f i 11^  H>  t rn  Proj‘if 


I X 1 

' 1 1 n>:  and 

MiuK  ! 

( <»nsf  nu  ( ion 

I’rofiosid  \dtlMions 

Pro  1 rv  t 

\o.  Units 

i ut  a 1 .ip  K'  i t V 

So.  Units  lot.il  1 apac 

/'Ihi 

'7W)  ■ 

h»»nm*v  1 1 Ji* 

Ih 

MM.  1 

0 IKO.O 

• l‘.iv 

2, loh.h 

1 MO.O 

1 1 

o.Rh.h 

h i;n.n 

l’rir*.r  k.ipitls 

Ih 

f.  r».) 

w.in.ipum 

m 

MM. : 

h lOK.K 

Rock  Isl.iiul 

lu 

UM 

h K .;:»u.o 

rhut  U)sv|>h 

1 ,f»;  1 .(» 

n j,or..o 

(.rarul  iouU-f 

> 

1 ,ii7n  .di- 

> I.SOO.O 

i.raiul  fumpini;  P/.inf 

J JOJ.K 

rttmnila  r\ 

t 

.0 

a 

Soxon 

1 

J 

I 

1 

1-0.  n 

1 IJO.O 

1 hoi. in 

Is  .(» 

J IK.O 

Iv<  ll.irl'or 

l owiT  Momirtu  iit  .i  I 

; 

los.o 

1 l t t U“ 

; 

io:..o 

a lor,  .0 

1 t.iMnitc 

M»:.  .0 

> ii*r».o 

hteOrsh.ik 

i 

100.0 

a l>«>0.0 

Molls  ( .inv <in 

■.'>} . 

} j-'o.:. 

(Uboh 

1 

|00 .0 

i r . 

Briiunlfo 

1 

ViO  J 

J IKO.J 

HI  I ss 

; 

"'•.0 

1 j:..o 

|ov»t-r  s.ilmon 

I 

00.0 

J J.s.o 

Vridorson  k.inch. 

.’“.0 

1 la.  ^ 

l ouj;ar 

:r’.o 

1 N.S.O 

* U rv  1 n 

> 

1 ■>:.  .0 

1 r..o 

^.ih- 

lOS.O 

lOK.O 

) irKi 

,> 

1 lO.Ti 

'fo>sv  n»i.  k 

iO/>.  0 

} l.'.o.o 

hi  ib  1 o 

IJO.O 

J IJO.O 

101  M 

ri 

01-.-^  ‘».'->,MJ 

1'  Iruhidt'S  roteinJiri^  •ill 

of  fho  |.S 

1 II  ( 1 IIM  1 II  ill)  Its, 

which  iiKroasos  tlu-ii 

n.imopl.itr  rating  to  ljr> 

'Ih  o.k  Ii  , .iMil 

two  of  ihr  ihrif 

)o  'ih  sT.it  jon  siTvio  unit*. 

^oiircr:  I . 

Pumped  Storage 

Electrical  resource  studies  indicate  that,  in  the  future,  a 
major  part  of  the  Pacific  Northwest's  base  load  will  be  met  by 
nuclear  powerplants.  Nuclear  plants  can  supply  base  load  energy 
at  a relatively  low  cost  but  are  an  expensive  source  of  peaking 
power.  Therefore,  more  economical  means  for  providing  peaking 
power  must  be  sought.  Studies  indicate  tliat  the  peaking  require- 
ments of  the  region  will  be  met  until  about  1990,  by  adding 
generating  units  at  existing  conventional  hydroelectric  projects. 
When  the  addition  of  those  units  is  completed,  other  sources  of 
peaking  power  must  be  developed.  Several  alternative  sources  are 
available,  including  pumped-storage . Recent  improvements  in 
reversible  pump-turbines  have  created  considerable  interest  in 
pumped-storage,  especially  in  areas  where  reservoir  sites  with 
high  head  are  available,  as  they  are  in  the  Columbia-North  Pacific 
Region . 
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Operation  Pumpcd-storage  hydro  is  unique  among  methods  of 
power  generation  as  it  is  dependent  on  other  electrical  power 
sources  for  its  energy  supply.  It  functions  as  an  energy  accumula- 
tor in  that  low-valued  off-peak  energy  is  stored  by  pumping  water 
from  a lower  to  a higher  reservoir  (figure  7).  The  stored  water 
can  then  be  returned  through  the  turbines  to  generate  power  during 
peak  load  jieriods,  when  it  is  most  needed  and  has  its  greatest 
value.  Pumped-storage  installations  offer  many  of  the  favorable 
characteristics  of  conventional  hydroelectric  plants  including 
rapid  start-up,  long  life,  dependability,  low  operating  and  mainte- 
nance costs,  and  adaptability  as  low  cost  s])inning  reserve.  Due 
to  transmission  losses  and  inefficiencies  in  tbe  operation  of  pump- 
turbines,  approximately  one  and  one-lialf  times  as  much  energy  is 
required  for  pumping  as  is  obtained  in  the  generating  phase. 
However,  this  increased  energy  use  is  justified  by  the  high  value 
of  the  peak  generation. 

Pumped-storage  may  be  designed  to  operate  on  a seasonal, 
weekly,  or  a daily  cycle.  Seasonal  pumped-storage  would  be 
economical  only  in  a system  where  there  is  a period  in  the  year  in 
which  there  is  both  surjilus  water  and  surplus  energy.  The  surplus 
energy  would  be  used  to  pump  tlie  surplus  water  into  a holding 
reservoir  to  be  used  for  generation  during  periods  of  greatest 
power  demand.  Projects  of  this  type  are  especially  adaptable  to 


Upper 


FlGURt  7.  Typicdl  Pumped  SlPiJ'ie  Project 
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mult  iple-piirpose  development.  An  e.xample  of  this  is  the  Paterson 
Ridj;e  site,  which  is  l)eing  considered  as  a mult  iple-jHirpose  project 
for  irrigation,  recreation,  tliermal  plant  siting,  and  seasonal 
inimped-storage  power  generation. 

Hai  ly  and  weekly  pumped-storage  hold  consideralilc  promise, 
especially  in  light  of  the  fact  that  in  tlic  near  future  thermal 
plants  will  begin  assuming  an  increasing  share  of  the  region's  l)ase 
load.  As  more  thermal  plants  are  put  into  operation,  more  off-peak 
energy  will  become  available  for  potenti.il  use  l>y  pumped-storage 
plants.  K.iter  would  generally  be  |iumped  at  night  (and  on  weekends) 
and  released  during  the  day  to  generate  energy  for  meeting  the 
s\s tern's  peak  loads. 

I’umi'ed- storage  jirojects  are  generally  classified  as  either 
"pure"  pur.ped-stor.age  or  "combined"  pumped-storage.  A "pure" 
pumped-storage  project  is  one  which  operates  exclusively  as  a 
pumped-storage  plant.  The  plant's  generation  capability  is  depend- 
ent wholly  on  water  pumped  from  the  lower  to  the  upper  reservoir. 

On  tlie  other  hand,  a "combined"  pumped-storage  project  is  a conven- 
tional hydro  project  whose  generating  ]ilant  consists  cither 
partiall)-  or  wholly  of  reversible  juimp- turb  i nes  . Water  pumped  from 
the  lower  pool  serves  only  to  supplement  conventional  reservoir 
inflow  as  a source  of  energy.  Mtliough  a few  combined  projects  arc 
now  being  studied  in  the  Co  1 uml)  i a-.\orth  Pacific  Region,  this 
inventory  is  primarily  concerned  with  pure  pumped-storage  projects. 
Tlie  latter  are  further  subdivided  into  two  categories;  "independent" 
projects,  in  which  both  the  up]ier  and  lower  reservoirs  arc  used 
exclusively  for  pumped-storage  ojierations,  and  "adjacent"  projects, 
in  which  the  reservoir  of  a conventional  hydro  plant  is  used  as 
the  lower  reservoir  of  an  adjacent  pumiied-storage  plant. 


Site  Inventory  A map  survey  was  made  to  evaluate  the  pumped- 
storage  potcnti.il  of  the  region.  Due  to  time  limitations,  it  was 
[lossiblc  to  survey  only  a portion  of  tlie  region.  The  portion  west 
of  the  Cascade  Divide  was  selected  because  it  contains  the  region's 
major  load  centers.  However,  it  must  lie  recognized  that  a very 
large  potential  exists  in  the  eastern  portion  of  the  region  as  well. 
The  eastern  slojies  of  the  Cascades  in  Washington,  the  Blue  Mountains, 
and  certain  [lortions  of  the  Rocky  Mountains  in  Idalio  and  western 
Montana  hold  [larticular  promise  (figures  11-15). 

.■^lost  of  the  effort  was  jilaced  on  locating  sites  for  largo 
peaking  plants  capable  of  operating  on  a daily  or  weekly  cycle 
using  off-peak  thermal  energy.  Prerequisites  for  an  economical 
pumped-storage  project  of  tliis  type  include  the  availability  of 
low  cost  energy  for  tlie  pumping  operations;  favorable  terrain  to 
permit  the  construction  of  the  reservoirs  with  minimum  investment 
in  dams,  relocations,  land  and  damages;  and  a location  offering 
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TUNNEL  - PENSTOCK  LENGTH  (FT)  HEAD  (FT) 


Figure  8.  investment  cost  vs.  head  for  1000  mw  pumpedstorage  plant. 


F 1 gure  9 . investment  cost  vs.  penstock  length  for  1000  rnw  pumped  storage  plant. 
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INSTALLED  CAPACITY  (MW) 


CAPACITY  COST  (S/KW-YEAR)^/ 


0 2 4 6 8 10  12 


ly  Plant  having  a head  of  1500  ft,,  penstock  length  of 
8,000  ft.,  and  dam  and  reservoir  costs  ranging  from 
$5,000,000  for  a 250  MW  installation  to  $36,000,000 
for  a 6000  MW  installation. 


y Includes  engineering,  interest  during  construction, 
and  contingencies. 

3/  Includes  cost  of  amortizing  investment  over  50  years 
at  4-7  8%  and  estimated  operation,  maintenance,  and 
replacement  costs. 


Figure  10.  investment  and  capacity  cost  vs.  installed  capacity  for  a typical  pumped-storage  plant. 
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economical  transmission  of  off-peak  energy  to  the  project  for  pump- 
ing and  peaking  energy  from  the  project  to  the  load  centers.  Also 
desirable  from  the  cost  standpoint  are  a high  head  (preferably  600 
feet  or  more)  and  a relatively  short  waterway  or  penstock  (prefer- 
ably 2 miles  or  less).  The  marked  effect  of  high  heads  in  the 
reduction  of  unit  costs  is  illustrated  by  figure  8.  The  cost  advan- 
tage in  selecting  a site  with  a relatively  short  penstock  tunnel  is 
shown  by  figure  9.  (Investment  costs  include  a 25  percent  contin- 
gency allowance,  12  percent  for  engineering  and  overhead,  and 
interest  during  construction  at  4-7/8  percent  over  4 years).  Con- 
siderable economy  can  be  attained  by  going  to  large  installations 
wherever  possible.  This  is  illustrated  by  figure  10,  which  shows 
the  relationship  of  unit  cost  to  installed  capacity  for  a site 
typical  of  those  located  in  this  survey.  This  fact  contributed  to 
the  decision  to  limit  the  inventory  to  sites  having  a capability  of 
at  least  1,000  megawatts.  Another  standard  which  was  imposed  was 
that  the  reservoir  provide  storage  for  at  least  8 hours  of  operation. 
(41) 


The  inventory  for  the  Willamette  subregion  is  quite  complete 
and  includes  data  on  costs  and  maximum  site  capabilities.  The 
inventories  for  the  Puget  Sound,  Coastal,  and  Lower  Columbia  sub- 
regions  were  made  in  less  detail  but  do  indicate  the  number  of 
sites  capable  of  producing  at  least  1,000  megawatts  at  an  investment 
cost  in  the  $80-$150  per  kilowatt  range.  In  addition,  a special 
study  was  made  to  investigate  sites  capable  of  operating  in  combi- 
nation with  the  existing  (Columbia  Kiver  hydro  projects  below  the 
confluence  with  the  Snake  River.  The  identified  projects  are 
summarized  by  subregion  in  table  34.  All  costs  are  based  on 
.January  1968  price  levels. 


Hvaluation  of  Results  Although  all  of  the  sites  listed  in 
table  34  show  favorable  investment  costs,  the  inclusion  of  sites 
in  this  tabulation  is  not  intended  to  indicate  they  are  all  feasible 
projects.  Some  are  in  National  Parks,  some  in  Wilderness  Areas,  and 
some  may  prove  unacceptable  for  other  environmental  reasons.  They 
are  included  here  chiefly  to  complete  the  inventory  of  potentially 
economically  feasible  sites. 

An  important  factor  which  could  not  be  adequately  evaluated 
in  this  study  was  geology.  It  is  probable  that  further  study  will 
show  some  of  the  sites  listed  to  be  geologically  unsuitable. 

All  of  the  sites  listed  on  the  Colanbia  River  are  classified 
as  adjacent  pumped- storage  developments.  I.i  the  remaining  areas, 
about  5 percent  of  the  sites  are  classifieti  as  adjacent  pumped- 
storage  developments.  Included  in  the  listings  for  the  Puget  Sound 
and  Coastal  subregions  are  five  sites  at  tidewater  which  would 
utilize  the  ocean  for  water  supply.  Such  plants  would  require 
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special  corrosion- res istant  turbine  components  and  treatment  of 
the  upper  reservoir  to  prevent  salt-water  infiltration  and  possible 
ground-water  pollution.  Preliminary  information  available  at  this 
time  indicates  that  the  additional  costs  for  the  tidewater  plants 
will  be  minor.  Some  of  the  sites  listed  can  be  developed  in  several 
ways,  using  alternative  lower  reservoirs. 

On  the  basis  of  the  more  detailed  information  available  for 
the  Willamette  Subregion  sites,  it  was  possible  to  estimate  the 
maximum  capabilities  of  each  of  the  sites.  Of  the  43  sites  in  the 
subregion,  34  are  capable  of  a 2,000-megawatt  ultimate  installation, 

13  are  capable  of  4,000  megawatts,  and  six  are  capable  of  6,000 
megawatts.  Two  sites  could  have  an  ultimate  installed  capacity  of 
as  much  as  10,000  megawatts.  The  least  adverse  impact  on  the 
environment  might  result  from  the  concentration  of  the  greatest 
possible  capacity  at  the  fewest  number  of  sites.  The  sites  with 
the  largest  potential  should  accordingly  be  given  serious  consideration. 

For  the  Willamette  Basin  pumped-storage  sites,  7 percent  of 
investment  cost  is  in  dams,  reservoirs,  and  relocations.  The 
powerhouse  accounts  for  38  percent  of  cost,  and  the  penstocks  20 
percent.  The  remaining  35  percent  includes  allowances  for  contin- 
gencies, engineering  and  design,  supervision  and  inspection,  over- 
head, and  interest  during  construction. 

The  relationship,  which  should  be  typical  of  sites  through- 
out the  region,  is  an  important  factor  in  site  selection  and 
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optimization.  It  indicates  that,  where  high-head  sites  are  avail- 
able as  they  are  in  the  Pacific  Northwest,  the  dam  and  reservoir 
is  a relatively  small  part  of  the  total  cost. 


Costs  On  the  basis  of  cost  studies  made  on  the  Willamette 
projects,  it  appears  that  it  will  be  possible  to  construct  pumped- 
storage  having  an  annual  cost  of  about  $9.50  per  kilowatt  using 
utility  financing  (25  percent  private--75  percent  public  non-Fcderal ) . 
Based  on  current  Federal  Power  Commission  cost  data,  table  35  shows 
that  pumped- storage  at  $9.50  per  kilowatt-year  is  more  economical 
than  both  gas  turbine  and  steam-electric  peaking  plants  down  to 
annual  plant  factors  of  about  2 percent.  By  way  of  contrast,  nuclear 
thermal  capacity,  which  is  not  a true  alternative  in  this  range  of 
plant  factors,  would  cost  about  $22  per  kilowatt-year  at  a 10  per- 
cent plant  factor. 
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2/  Based  on  financing  comparahlo  to  that  used  in  computing  pumped* 

storage  costs  (25  percent  private  • ”5  percent  public  non- 1 Cilera  1 ) . 


Recreational  Use  Almost  every  reservoir  is  viewed  by  the 
public  as  a potential  site  for  water-based  recreation.  It  is 
possible  that  some  pumped- storage  reservoirs  could  be  used  for 
recreation,  at  least  during  that  part  of  the  year  when  the  peaking 
demand  is  low.  However,  the  rapid  water  surface  fluctuations  that 
would  occur  at  many  sites  during  peaking  operation  would  make  them 
unsuitable  for  recreational  uses. 


Sites  Currently  Under  Detailed  Investigation  A number  of 
pumped- storage  projects  are  being  studied  by  various  agencies  and 
utilities.  Some  of  the  sites  that  have  received  public  notice  are: 
Grand  Coulee  Pumping  Plant,  Lucky  Peak,  Merrill  Lake,  Paterson 
Ridge,  Dirtyface  Mountain,  and  John  Day  River.  Two  of  these, 
Merrill  Lake  and  Paterson  Ridge,  are  pure  pumped-storage  projects 
located  adjacent  to  existing  reservoirs,  and  the  remaining  four 
are  combined  pumped-storage  projects.  In  addition,  studies  made 
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by  the  Corjis  of  linginecrs  in  connection  with  their  Clark  I-'ork- 
I'lathead  Review  Rejiort  liave  located  26  potential  sites  in  that 
has i n . 


The  brand  Coulee  Pumping  I’lant  was  provided  to  pump  water 
from  the  reservoir  liehind  tirand  Coulee  Dam  to  Banks  l.ake,  the 
principal  irrigation  storage  reservoir  for  the  Columbia  Basin  Project, 
ihe  pumping  plant  was  originally  designed  and  constructed  to  house 
12  conventional  pumping  units  of  whicli  six  have  been  installed  to 
date.  Under  the  plan  to  adapt  the  plant  to  pumped-storage  operation, 
the  six  remaining  units  will  be  installed,  in  groups  of  two,  as 
pump-turbines  instead  of  conventional  pumping  units.  These  addi- 
tional units  will  serve  to  increase  the  pumping  capacity  of  the 
project  during  periods  when  secondary  power  and  excess  Columbia 
River  streamflow  are  available  and  will  also  bo  available  for 
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generation  of  peaking  power  during  the  nonirrigation  season, 

November  through  March.  During  the  latter  period,  Banks  I.ake  water 
will  be  released  through  the  pump-turbines  during  periods  of  peak 
power  demand.  Due  to  the  large  amount  of  storage  available, 
operation  for  power  generation  will  be  nuite  flexible  during  the 
nonirrigation  season,  the  main  restriction  being  that  Banks  Lake 
must  be  full  at  the  start  of  the  irrigation  season.  On  .June  30, 

1968,  the  Bureau  of  Reclamation  ordered  the  first  two  48,500- 
kilowatt  pump-turbines  for  the  Grand  Coulee  Pumping  Plant,  Scheduled 
on-line  date  is  1973.(22) 


Lucky  Peak  The  Corjis  of  engineers  is  studying  the  addition 
of  a powerplant  to  the  existing  Lucky  Peak  Reservoir  project, 
located  on  the  Boise  River  in  Idaho.  This  plant  would  include  a 
66,000-kilowatt  reversible  unit  in  addition  to  two  20,150-kilowatt 
conventional  generating  units.  The  existing  Boise  Diversion  Dam, 
located  2.6  miles  downstream,  would  be  replaced  by  a reregulating 
dam  having  sufficient  capacity  to  serve  as  the  lower  reservoir 
during  pumped- storage  operation  as  well  as  a reregulator  for 
conventional  hydro  releases  and  a diversion  dam  for  the  Boise 
Irrigation  Project.  As  planned,  the  powerplant  would  operate  as 
a conventional  hydro  plant  during  the  irrigation  season  and  as  a 
pumped- storage  plant  from  November  through  March  on  a daily  or  weekly 
cycle . (17) 


The  Paterson  Ridge  pumped  storage  site  (also  known  as  Glade 
Creek)  is  located  on  the  north  side  of  the  Columbia  River  about  20 
miles  below  McNary  Dam  and  would  utilize  the  John  Day  Reservoir  as 
its  lower  pool.  Although  having  a relatively  low  head  (about  300 
feet),  the  site  offers  a large  storage  capacity  (3  million  acre- 
feet)  which  suggests  development  as  a multiple-use  project.  The 
U.S.D.l.  Geological  Survey  prepared  a preliminary  report  on  the 
site  in  1967,  and  has  recently  completed  a geologic  study  provided 
for  by  cooperative  agreement  between  the  State  of  Washington, 

Benton  and  Klickitat  County  Public  Utility  Districts  and  the 
Geological  Survey.  The  Benton  and  Klickitat  County  Public  Utility 
Districts  are  assisting  an  organization  of  local  landowners,  the 
Horse  Heaven  Irrigators,  Inc.,  a nonprofit  organization  which  was 
recently  formed  to  consider  the  possible  development  of  the 
Paterson  Ridge  reservoir  site.  The  Utility  Districts  and  the 
Corporation  have  engaged  Washington  State  University  to  conduct  a 
comprehensive  study  of  the  irrigation  potential  of  the  area  and  the 
suitability  of  the  project  for  multiple-purpose  development.  In- 
cluded in  the  study  is  the  possibility  of  siting  a thermal  generat- 
ing plant  on  the  reservoir  and  using  the  heated  cooling  water 
effluent  for  agricultural  purposes.  The  program  also  includes 
environmental,  economic,  and  other  feasibility  studies  and  is 
scheduled  for  completion  in  late  1970.  In  addition,  a brief. 
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reconnai  ssanco- 1 v]ic  study  of  the  I’aterson  Ridge  project  has  been 
made  by  tlie  Pacific  Nortliwest  River  Basins  Ciommiss ion . (45) 


The  Merrill  l.ake  site  is  located  Just  off  the  l,ewis  River  near 
Cougar,  Washington.  Preliminary  plans  developed  by  the  Cowlitz 
Count)'  Public  Utility  District  call  for  installing  two  250-megawatt 
reversible  units  in  an  underground  j^owerhouse  to  develop  the  1,000 
feet  of  head  between  Merrill  l.ake  and  the  existing  Yale  Reservoir. 
Operation  would  be  on  a daily/weckly  cycle  basis.  On  .June  18,  1908, 
the  I'ederal  Power  Commission  issued  a 2-year  preliminary  permit  to 
the  PUD  for  the  project.  After  conducting  preliminary  studies,  the 
PUD  elected  to  let  the  permit  expire  due  to  opposition  from  conser- 
vationists and  the  fact  that  the  peaking  power  generated  by  the 
project  will  not  be  needed  for  some  time.  It  is  possible  that  the 
PUD  might  take  further  action  in  the  future,  however. (7,  22) 


Dirty  face  Mountain  (!helaii  (iounty  I’uhlic  Utility  District 
No.  1 lias  proposed  inchuliiig  revorsilile  punip-turh  i ties  in  tlie 
Dirtyface  Mountain  powerhouse,  a part  of  the  Kenatchee  Kiver  I’roject 
now  being  consitleretl  for  licensing  by  the  federal  Power  Commission. 
Two  reversible  units  having  a combined  nameplate  capacity  of  65,000 
kilowatts  would  be  inst.illed,  along  with  a single  conventional 
turliine.  The  ]iroJect  would  utilize  the  hi  1 fei-l  of  head  existing 
between  a proposed  reservoir  on  tlie  Chiwawa  River  and  Wenatcliee 
Take. (22) 


■ lohn  Da\’  Itiver  The  Corps  of  engineers  has  made  a preliminary 
examination  of  potenfial  pumped-storage  on  the  John  Day  River,  Oregon. 
Results  indicate  there  are  two  sites  which  warrant  further  consider- 
.ition,  limigrant  and  Mikkalo.  Studies  are  continuing  on  these.  f22) 


effect  of  Pumped-Storage  on  St  reamf 1 ow  A high  percentage  of 
the  sites  located  in  this  survc\’  would  be  developed  as  independent 
projects;  the  reservoirs  would  be  comparat i ve !>■  small  and  would  be 
used  exc  lus  i \e  1\-  for  jnimped-storage  operations.  I'he  large,  irregular 
flows  associated  with  |ieaking  operations  would  occur  only  between 
the  upper  and  lower  reservoirs.  Once  filled,  only  a comparatively 
small  amount  of  inflow  would  be  recpiired  to  make  up  leakage  and 
evaporation  losses.  Tor  the  most  part  inflows  would  be  passed,  and 
the  operation  of  the  |iroject  would  have  ver>’  little  effect  on  the 
flows  downstream.  In  some  cases,  however,  reservoir  drawdown, 
would  be  quite  severe  and  therefore  ]iub  1 i c access  to  the  reservoirs 
would  have  to  be  restricted. 

Other  sites  are  located  adjacent  to  existing  storage  reser- 
voirs. Here  too,  o]ieration  of  the  jiumped-storage  plant  would  have 
very  little  effect  on  downstream  flows,  but  special  care  would 
have  to  be  taken  in  develojiing  the  project  to  insure  that  it  does 
not  adversely  affect  the  functions  of  the  existing  reservoir. 

A number  of  excellent  sites  suitalile  for  daily/weekly  cycle 
ojieration  have  been  located  adjacent  to  the  Columbia  River  reser- 
voirs below  the  confluence  of  the  Snake.  Poiulage  at  these  reser- 
voirs is  limited,  and  the  operation  of  adjacent  pumped-storage 
projects  would  have  a major  effect  on  the  flows  in  the  reaches  of 
the  river  adjacent  to  the  plants.  While  a pumped-storage  plant  is 
pumping,  at  night  or  on  weekeTuls,  large  quantities  of  water  will  be 
diverted  from  the  existing  mainstem  reservoir.  Conversely,  at  the 
time  of  [leaking  operation,  large  quantities  of  water  will  be  dis- 
charged into  the  pool  from  the  adjacent  pimqied-storage  reservoir 
simultaneously  with  a peak  inflow  from  the  next  mainstem  project 
up St  ream. 

To  illustrate  the  magnitude  of  the  problem,  if  three  of  the 
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four  ident  i t'i  Oil  |Himin'd-storago  projects  adjacent  to  The  Dalles 
reservoir  were  develo[)ed,  a total  of  31,000  acre-feet  would  be 
inim]H'd  from  The  Dalles  pool  at  night.  Maintaining  river  outflow 
equal  to  inflow,  The  Dalles  pool  would  he  lowered  3 feet  during 
this  period.  IVhen  generating  at  peak  cajiacity,  about  4(),000  cubic 
feet  per  second,  in  addition  to  tlie  440,000  cubic  feet  per  second 
from  dohn  Day,  would  be  discharged  into  The  Dalles  reservoir.  The 
lu'draulic  ca]'acity  at  The  Dalles  is  300,000  cubic  feet  per  second. 
Cherefore,  Ihe  Dalles  would  be  storing  10,000  acre-feet  per  hour, 
or  approximately  1 foot  pei'  hour.  Aside  from  the  jiroblcms  of 
maintaii\ing  a downstream  flow  in  the  Columbia  River  satisfactory 
for  the  migratii>n  of  anadi’omous  fish,  the  ,3-foot  drawdown  limita- 
tion at  rhe  Dalles  will  obviously  restrict  the  amount  of  adjacent 
pumjied-st  orage  di' ve  1 opment . Ihe  selection  of  adjacent  pumped- 
storage  projects  on  the  mainstem  Columbia  River  must  be  based  on 
determining  the  combination  of  conventional  and  immped-storage 
units  whicli  produces  the  greatest  net  benefit  in  keeping  with  the 
physical  and  environmental  limitations.  This  determination  can  be 
made  onl>  after  an  extensive  study  of  project  economics,  system 
jieaking  and  pondage  requirements,  and  environmental  goals. 

If  the  adjacent  pumiied- storage  reservoir  has  sufficient 
storage  to  pennit  seasonal  o]ieration,  certain  nonpower  benefits 
could  also  be  realized.  Pumping  during  flood  flows  could  help 
reduce  downstream  stages  and  releases  for  power  generation  during 
jieriods  of  low  runoff  could  increase  downstream  flows,  thus 
benefiting  water  quality. 

The  operation  of  a combined  pumped-storage  plant  could  have 
a significant  effect  on  downstream  flows,  but  normally  the  lower 
reservoir  has  sufficient  capacity  to  serve  as  a r?regulator, 
maintaining  acceptable  flows  downstream. 


Summary  It  apjiears  from  this  survey  that  there  is  consider- 
able pumped  storage  potential  in  the  t!olumbia-.\'orth  Pacific  Region. 
In  western  Oregon  and  Washington  alone  there  are  nearly  300  sites 
worthy  of  consideration  for  develojiment  as  1,000  megawatt  daily/ 
weekly  cycle  peaking  plants.  Some  of  these  sites  possibly  could 
be  developed  up  to  10,000  megawatts.  .Although  seasonal  and  com- 
bined pumped-storage  plants  were  not  included  in  this  survey, 
indications  are  that  there  are  also  a few  seasonal  ]'>um]u'd-storage 
sites  available  and  a number  of  conventional  hydro  projects  (exist- 
ing as  well  as  proposed)  which  could  be  developed  as  combined 
pumped-storage  plants. 

At  the  presently  projected  rate  of  power  development,  supple- 
mental peaking  capacity  beyond  that  available  for  development  at 
conventional  hydro  projects  will  probably  not  be  required  until 
after  11)90.  However,  as  thermal  ]ilants  are  developed,  the 
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1 iH-xpons  i VO  off-poak  onorgy  which  will  l)c  availal'le  may  ciicourago 
the  early  ileve  1 ojiment  of  some  pumped-storape  before  1990.  An  indi- 
cation of  the  current  interest  in  this  is  tlie  fact  that  reversilile 
units  are  now  being  installed  at  an  existing  project  and  that 
detailed  studies  are  now  unden%a>-  on  at  least  five  additional 
inimped-storage  sites.  furthermore,  studies  may  show  that  piimned- 
storage  would  be  more  economical  than  some  of  the  conventional 
h\dro  units  currently  scheduled  to  carr>-  the  additional  peaking 
loads  developing  ]irior  to  1990.  lor  example,  it  may  be  found  that 
it  would  be  more  economical  to  utilize  the  limited  storage  in  The 
Dalles  pool  for  pumjied-storage  operation  rather  than  for  handling 
the  releases  from  the  ]iroposed  .lohn  Day  units  #17-20. 

Studies  arc  now  l)eing  conducted  to  determine  when  and  how 
pumped-storage  will  best  fit  into  the  regional  load  curve.  These 
studies  should  also  give  an  indication  as  to  the  type  and  number 
of  plants  which  will  be  required  b\  the  years  2000  and  2020.  More 
studies  will  be  required  to  determine  tlie  relative  desirability  of 
individual  sites  and  the  effects  tliat  the  operation  of  these  plants 
will  have  on  their  environment,  but  it  is  evident  that  pumped- 
storage  offers  considerable  promise  as  a source  of  future  peaking 
capacity . 


Toss  i 1 - l ue  1 I’ hints 


lossil  fue 1-lnirn i ng  steam-electric  plants  generate  over  80 
percent  of  all  electric  encrg>-  produced  in  the  United  .States  toda>-. 
In  the  early  days  of  the  electric  power  industn-,  h_\droc  Icct  ric 
generation  accounted  for  about  half  the  total  but,  by  1920,  the 
steam  power  share  had  increased  to  70  percent  and,  since  then,  has 
gradually  grown  until  now  better  than  4 out  of  5 kilowatt-hours 
are  fossil-fuel  generated. 


.Modern  Plant  Characteristics 


The  improvement  in  efficienc)’,  reliability,  and  availability 
of  steam  plants  has  been  steaiiy  since  the  beginning  power  production 
in  1882.  It  h.is  been  part  i cularli'  r.ipid  during  the  last  25  years. 
Steam  plants  have  the  advantage  that  tliey  can  burn  several  different 
kinds  of  fuel  and  can  operate  a few  hours  jier  day,  month,  or  year, 
or  almost  continuously  regardless  of  the  incidence  of  very  low  or 
very  high  rainfall. 

The  first  steam-driven  prime  movers  emjiloyed  in  power  gener- 
ation were  slow  speed,  reciprocating  Corliss  engines  no  larger  than 
2500  horsepower.  The  invention  and  development  of  the  steam  turbine 
ended  this  restriction  and  permitted  much  greater  output  from  a 
single  unit.  The  development  of  steam  boilers  lagged  behind 
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sto;uii-turl)i  iH’  development  f'oi'  a time  but  the  demand  for  ever  greater 
steam  flows  to  drive  lari;er  size  t nrlio-generat  ors  provideil  the 
impetus  for  lietterment  of  lioiler  design.  I mji rovement s in  boilers 
and  turbine  design  resulted  in  unit-type  steam  generating  jihints 
that  are  now  the  rule  in  the  industr\-. 

These  developments  and  concomitant  advances  in  metal lurg>' 
and  water  treatment  jiermitted  great  1>'  increased  pressures  and  tem- 
peratures resulting  in  higher  outputs,  lower  heat  rates,  and  unit 
costs.  Tod;i\-'s  steam  pl.ints,  a proiluct  of  these  deve  loiiments  , 
have  single  units  of  as  high  as  I million  kilowatts  cajiacity, 
critical  pressure  boilers  oper.it  ing  at  over  .T,5U0  pounds  |ier  square 
inch,  steam  temperatures  of  i,00()°r.  with  double  reheat  to  as  high 
as  l,05()°l'.  Higher  pressures  and  temperatures  are  |)ossible  and 
are  used  for  at  least  one  existing  unit,  tint  these  are  tlie  jiresent 
practical  maxi  mums. 

These  i mprovi'inent s havi'  enabled  lowering  of  station  heat 
rates  (heat  content  in  British  thermal  units  of  fuel  requi  reil  for 
generation  of  1 kilowatt-hour)  of  both  the  best  plants  and  the 
average  of  all  sti'.uii-elect  ri  c plants.  This  is  shown  b>-  figure  l(i. 

Tlu'  4 1-year  jicriod  U)25-19()<>  has  seen  reduction  of  the 
"best  |)lant"  heat  rate  from  13,000  Btu/kwh  (British  thermal  units 
[)cr  kilowatt-hour)  to  S,()‘)l  Btu/kwh,  an  improvement  of  42  percent, 
lliere  lias  been  a small  slippage  or  retrogression  in  best  plant  heat 
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rate  since  19fa2,  when  the  figure  for  the  best  plant  was  8,588 
Btu/kwh . The  slippage  may  he  due  to  one  or  more  of  several  factors 
including  the  loading  of  the  plant,  circulating  water  temperatures, 
the  number  of  starts  and  stops,  and  the  operating  condition  of  units 
and  their  auxiliaries. 

rhe  reversal  of  the  downward  trend  in  heat  rate  which  has 
occurred  in  the  last  few  years  as  well  as  its  decreasing  rate  of 
drop  in  the  preceding  10  years  indicate  that  possibilities  for 
further  betterment  in  steam-electric  plant  efficiency  are  decreas- 
ing almost  to  the  vanishing  point. 

The  improvement  in  the  U.S.  average  heat  rate  for  the  41-year 
period,  25,000  Btu/kwh  in  1925  down  to  10,415  in  1966,  amounted  to 
58  percent.  The  much  smaller  differences  among  the  figures  for 
best  plant,  best  system,  and  the  U.S.  average  show  that  the  older, 
less  efficient  plants  have  been  retired  or  relegated  to  cold- 
standby  duty. 


Production  Hxpense 

The  weighted  average  annual  production  expenses,  including 
fuel  costs,  for  the  steam-electric  plants  for  which  data  were 
obtained  by  the  Federal  Power  Commission  for  the  years  1956-1966, 
inclusive,  are  shown  in  table  56. 

These  actual  year-to-year  costs  indicate  the  progress  being 
made  in  the  reduction  of  annual  production  expenses  for  the  more 
important  plants.  The  magnitude  of  the  annual  savings  in  such 
costs  is  much  more  significant  than  may  appear  from  the  unit  costs. 
For  example,  the  difference  of  0.25  mill  per  kilowatt-hour  between 
1961  and  1966  would  mean  a saving  of  $199  million  if  applied  to  the 
1965  United  States  generation  of  796.9  billion  kilowatt  hours. 
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Plant  Location 


One  of  the  most  clia  1 1 eng  i n^  prol>lems  which  repeatedly  faces 
each  principal  electric  utility  is  that  of  deciding  where  to  locate 
the  next  large  generating  station  so  as  to  jirovide  the  desired 
increment  of  power  supply  at  the  lowest  cost.  Factors  considered 
include  fuel  supply,  distribution  of  load,  load  growth,  existing 
and  prospective  patterns  of  loading  of  the  transmission  system, 
interconnections  with  other  systems,  availability  of  land,  founda- 
tion conditions,  availability  of  cooling  water,  growing  concern  with 
thermal  and  air  pollution  problems. 

The  number  of  good  sites  available  for  large  generating 
stations  is  decreasing  with  the  increase  in  pojiulation,  expansion 
of  tlie  economy,  and  the  more  active  interest  of  the  general  public 
as  well  as  the  state  and  local  public  agencies  in  community  matters, 
including  thermal  and  air  pollution.  It  is  in  the  best  interests 
of  the  electric  utilities  and  their  customers  to  use  each  : ite 
selected  for  the  largest  generating  jilant  that  can  be  economically 
justified. 


t.'ooling  Water 

St eam-e 1 ect r 1 c generating  stations  are  located  where  there 
can  he  provided  an  adequate  suppl\-  of  water  to  condense  the  steam 
leaving  the  turbines.  The  amount  of  cooling  water  required  depends 
upon  the  sice  of  the  plant,  its  efficiency  or  heat  rate,  and  the 
permissible  temjierature  rise  of  the  cooling  water  passing  through 
the  condenser. 

There  are  ways  to  make  up  for  a shortage  of  cooling  water, 
n;imely  by  recirculating  the  water  in  reservoirs,  ponds,  or  cooling 
towcrs--both  evaporative  and  nonevaporat i ve . liach  of  these  methods 
requires  the  suj)ply  of  make-U|i  water  to  replace  that  which  is 
evaporated  and  othenvise  lost.  (Pooling  reservoirs  and  ponds  require 
make-up  water  equal  to  about  one  or  two  hundredths  of  a cubic  foot 
per  second  for  each  megawatt  of  plant  cajiacity.  Lvaporative  cool- 
ing towers  recpiire  about  two  hundredths  of  a cubic  foot  per  second 
and  nonevaporat i VC  cooling  towers  about  two  thousandths  of  a cubic 
foot  per  second,  per  megawatt  of  plant  capacity.  Thus,  for  a 
4,000-megawatt  steam  electric  generating  station,  the  water  require- 
ment for  a cooling  pond  would  be  40  to  80  cubic  feet  per  second, 
for  an  evaporative  cooling  tower  system  80  cubic  feet  per  second, 
but  for  a nonevaporat ive  cooling  tower  system  only  about  8 cubic 
feet  per  second.  Make-up  water  is  obtained  from  surface  or  ground- 
water  sources. 

Wlien  an  ample  supply  of  cooling  water  is  available,  the  oncc- 
through  circulation  method  for  condenser  cooling  usually  has  the 
lowest  overall  cost. 
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llio  ric  i rcu  1 at  i on  system  involving  reservoirs  and  ponds 
ranks  next  in  eeonom\-. 


Tlu're  are  two  kinds  of  evaj-iurat  i ve  coolitig  tower  systoms-- 
tiu'  i ndiieed-drat  t t\jie  and  the  natnral-draf't  type.  Ihe  induced- 
draft  type  usiiall\'  has  a slightly  lower  overall  annual  cost  for 
generally  comparable  situations. 

I'lu-re  are  three  t\-|ies  of  nonevaporat  i ve  cooling  systcms-- 
the  natui-al  ili'aft  dr>'  tower,  i nducetl-d  raft  dr\'  tower,  and  mechanical 
draft,  fin-tube  excluingers.  Ihe  dry  type  systems  are  in  the 
devi- lopment a I stages  and  it  is  still  too  early  to  forecast  costs. 

I'he  additiotial  capital  cost  of  ;i  pl.int  rciiuiring  a cooling 
tower  svstem  may  be  rouglily  estimated  at  $S  per  kilowatt  as 
compared  with,  a similar  installation  utilizing  conventional  river 
water  for  tlie  plant  condenser.  The  burden  of  capacity  reductions 
ami  increased  fuel  costs  due  to  reduced  efficiency  may  effectively 
ilouble  or  tripli'  this  figure. 


U r j’o  I I ut  i on 

In  locating  large  gener.it  i tig  stations,  special  stud\-  is 
required  of  atmospheric  conditions  in  the  area,  geographical 
surrouiiili  ngs  sucli  as  hills  and  bodies  of  water,  the  sulpliur  content 
of  the  fuel  burned,  the  type  of  combustion  and  air  cleaning  equiji- 
ment  with  which  the  station  will  be  e(|ui|i[ied,  and  the  degree  to 
which  the  area  is  dcue  1 oju-d , incluiling  other  nearbv  air  polluting 
sources . 


liven  with  suitable  moilern  furnace  design,  efficient  dust 
collectors,  proper  jilant  la\cuit  aiul  st.ack  height,  and  under  the 
meteorological  conditions  found  at  a inirticular  [ilant  site,  the 
tolerable  level  of  air  pollution  ma>'  in  some  instances  tend  to 
limit  the  size  of  tlie  station. 

lix]iendi  tures  for  air  cleaning  equi]iment  and  extra-high 
stacks  cost  from  ,$.S  to  $10  per  kilowatt  for  coal-fired  plants.  If 
the  location  of  large  generating  stations  is  not  to  be  severely 
limited,  very  high  stacks  are  a necessity.  Such  stacks  introduce 
cost  increases  friim  about  70  cents  to  $.S  per  kilowatt,  invite 
objections  because  of  possible  hazards  to  air  traffic,  and  face 
structural  challenges  because  of  sulphur  corrosion  problems. 
Thermal  [ilants  constructed  for  peaking  purposes,  either  gas 
turbines  or  l)i  ese  1 -powi-red  units,  contribute  to  air  ]iollution. 
Their  acceptability  is  enhanced  only  by  the  smaller  size  of  such 
units  as  compared  to  large  plants. 
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t;oa  1 - f i n.'il  plants  have  tlie  prol)k'in  of  asli  disposal  which 
is  lu’cominjj  increasingly  difficult,  especially  in  metropolitan 
areas,  and  it  may  he  a minor  ecoTiomic  factor  to  he  weiglied  in  plant 
location.  Ash  t ransjiort at i on  costs  must  he  considered.  Usually, 
in  thinly  populated  areas  asl>  disposal  can  he  accomplished  hy  fill- 
ing in  nearhy  >;round  dejiressions  or  hy  depositin;;  it  on  flat  areas 
to  significant  height  and  later  covering  hy  earth  overlay  so  as  to 
create  new  more  elevated  land  areas.  lor  the  Centralia  thermal 
plant  which  is  current  1>-  under  construction,  ash  will  lie  returned 
to  the  mine  and  huried  where  the  coal  e.xcavation  area  is  backfilled. 

Millions  of  tons  of  fl\-  ash  are  collected  annually  from  steam- 
electric  plants  hurning  pulverized  coal.  The  dis|iosal  of  this  waste 
material  is  costly,  so  ('fforts  have  heen  made  to  alleviate  this 
economic  loss  through  use  of  fly  ash  in  the  manufacture  of  port  land 
cement,  stahi  1 i zat  ion  of  soils,  and  as  an  admi.xture  in  concrete. 

Ihese  apjil  icat  ions  utilize  large  (piantities  of  fly  ash  hut  the 
total  use  is  onlv  a small  part  of  the  supply. 


iyiie  of  Plant 

1 lectric  jiower  generating  plants  constructed  in  the  Pacific 
Northwest  for  man\’  vears  had  heen  exclusivel)'  h>'droe  lect  ri  c until 
l‘.)()(i,  when  the  Hanford  nuclear  plant  was  i^laced  in  service.  This 
is  only  the  first  of  many  thermal  genei'ating  jilants  which  the 
growing  loads  of  the  region  will  require.  I'lie  energy  component  of 
the  load  within  the  next  10  or  15  years  is  expected  to  exceed  the 
output  of  all  existing  and  remaining  economically  feasible  h>dro 
developments,  thus  making  thermal  plants  a necessity.  Tossi 1-fuel 
hurning  powerplants  will  then  he  among  the  economic  power  supjily 
additions  of  the  region. 

fhe  Centralia  coal  field  in  Washington  provides  a fuel 
source  for  major  generating  stations.  In  Montana  and  Wyoming  near 
the  eastern  borders  of  the  region  are  other  large  coal  fields, 
liconomi cal ly  feasible  coal- fired  powerplants  might  be  either  high- 
efficiency  base  load  plants  or  low-cajiital  cost-peaking  type  plants 
of  higher  heat  rate.  Indications  are  that  the  first  need  for 
thermal  capacity  in  the  Northwest  will  he  for  base  load  power  hut 
later  the  ra|iidl\-  growing  power  requirements  of  the  region  will 
provide  a place  for  low-cost  jieaking  capacity. 

Coal-fired  base-load  steam-electric  plants  having  units  of 
750- 1 ,()()()  megawatts  capacity  could,  until  recently,  he  constructed 
for  about  $110  per  kilowatt  to  $120  per  kilowatt.  Plants  designed 
to  operate  at  comparatively  low  annual  capacity  factors  (jieaking 
jilants)  can  he  built  for  considerably  less,  jierhaps  as  low  as  $80 
jier  kilowatt  to  $'.)()  jier  kilowatt. 
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Otlur  k i nvls  of  poakinj’  capacity  sue))  as  f’us  turbines  or 
Picsel  onj^inc  driven  jjenerators  are  advant aj^eous  in  some  instances, 
rile  open-cycle  j;as  turbine  is  made  up  of  three  princijial  components; 
an  a.xial  t loi%  air  compressor,  .a  combustion  system,  and  a turbine. 
Ihcse  comprise  the  pi'i me-mover  section  of  a Kas-turbine  generator 
unit,  (las  turliines  can  be  designed  to  operate  efficiently  burning 
n.itural  gas,  distill.ate  oil,  or  certain  residual  oils. 

(ias- 1 urli i tie  generators  jiossess  many  features  which  make  them 
desirable  for  certain  t>pes  of  power  system  duty.  They  have  a low 
installed  cost,  quick  st;irt-up,  reiiuire  few  auxiliaries,  can  he  mttde 
semiautomatic  in  starting  aiul  stopping,  thus  minimi  ring  need  for 
attention  from  operating  personnel.  They  can  be  located  with  con- 
siderable freedom  since  their  cooling  water  retpii  rements  .are  small 
and  they  .are  not  dependent  on  .any  single  fuel  source.  Because  of 
sirn]ile,  compact  construction  with  all  p:irts  readily  accessible, 
mainten.ancc  cc'sts  are  low  under  the  t\pical  low  plant  factor 
ope  rat i on. 

I'i  esel -eng  i ne  drixen  generators  have  advantages  where  cpiick 
starting,  deiieiidab  i 1 i t \- , ;uul  minimum  need  for  supervision  by  oper- 
ators arc  of  primary  advantage.  This  makes  them  desirable  for 
remotely  controlled,  emergency  type  o]acr;ition  or  for  service  in 
"end- of- 1 i ne"  parts  of  a power  system  during  j-ieak  load  periods  when 
the  \olt.age  in  such  a section  would  othencise  sag  badly.  Ihey  are 
commonli'  used  as  the  entire  source  of  power  for  small,  isolated 
power  systems. 
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Roth  of  those  latter  typos  (gas  turbines  and  Diesels)  are 
in  some  applications  preferable  to  steam  peaking  capacity.  Both 
have  the  advantage  of  short  lead-time,  low-capital  cost,  and  a 
much  smaller  cooling  water  requirement. 


fuel  Costs 


Fuel  costs  are  of  importance  to  thermal  jilants,  much  more 
so  to  plants  to  be  operated  base-load  than  to  peaking  plants  which 
require  much  smaller  annual  quantities  of  fuel. 

The  location  of  generating  stations  is  affected  in  various 
degrees  by  availability  and  cost  of  fuel.  An  adequate  quantity  of 
fuel  of  desired  quality  and  an  economical  delivered  fuel  cost  are 
basic  to  a decision  as  to  where  a large  generating  station  is  to 
be  constructed.  With  respect  to  mine-mouth  plants,  the  magnitude 
of  fuel  reserves  within  a radius  of  several  miles  has  to  be  suffi- 
ciently large  to  merit  consideration  for  such  a plant  location. 

The  mine-mouth  plant  must  be  compared  with  possible  alternatives 
to  determine  the  most  economical  plan  of  development  of  thermal 
resources . 

Chehalis,  Washington,  sub-bituminous  coal  is  estimated  to 
cost  less  than  20  cents  per  million  Rtu  when  produced  in  the  quan- 
tities demanded  by  a 1,000  - 1,500-megawatt  base-load  steam  plant. 
ITiis  projected  coal  cost  would  be  higher  for  a peaking  plant  oper- 
ating at  a low  annual  capacity  factor.  Availabilitx  of  natural 
gas  for  powcrplant  fuel  seems  doubtful  although  some  might  be 
obtainable  outside  the  winter  heating  season. 

Oil  for  use  in  any  type  of  powerplant--steam , gas  turbine, 
or  Diesel  engines--in  recent  years  cost  over  40  cents  per  million 
Rtu.  This  is  not  a severe  handicap,  however,  for  a peaking  duty 
thermal  plant  since  fuel  use  by  such  a plant  is  relatively  low. 
Recent  massive  oil  discoveries  in  Alaska  provide  some  hope  that  the 
cost  of  oil  may  be  reduced. 


Nuclear  Plants 


About  .50  years  ago  laboratory  scientists  first  realized 
that  energy  released  by  nuclear  fission  in  chain  reactions  could 
be  used  for  electric  power  generation.  In  the  intervening  years, 
the  technology  of  nuclear  power  generation  has  moved  from  the 
laboratory  to  commercial  plants.  Considering  the  extreme  difficulty 
and  complexity  of  the  technology,  the  pace  of  progress  has  indeed 
b e e n r em  a rk  ah  1 e . 

lixtensive  efforts  in  physics,  chemistry,  metallurgy. 
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r;uli  oloj^i  ca  1 ami  health  .sciences,  and  engineering  during  tiie  past 
J.'i  years  liave  jirovided  a foundation  for  nuclear  power  generation. 
I’i'ograms  in  nuclear  weapons  production  and  naval  ship  propulsion 
have  provided  major  industrial  capabilities  including  facilities 
tor  large  volume  nuclear  material  enrichment  and  chemical  process- 
ing. These  activities  have  been  of  great  value  for  development 
of  ci'.ilian  nuclear  powerplants. 


Present  Status 


hliile  the  first  ileve  1 o]imenta  1 plants  have  cost  more  than 
alternative  conventional  facilities,  nuclear  nowerplants  now  be- 
ing built  will  be  low  enough  in  cost  to  exert  great  competitive 
pressure.  Ihey  have  contributed  both  to  major  reductions  in  the 
price  of  coal  and  coal  transport,  and  served  as  a powerful  stimulus 
for  improvement  in  alternative  ]iower  generating  sources. 

\ut w i t list  and i ng  the  excellent  progress  to  date,  the  future 
of  nuclear  iniergy  in  the  jiower  industry  depends  on  rates  of  progress 
along  manv  difficult  paths  and  also  the  extent  to  which  improvements 
are  achieved  in  reducing  the  cost  of  electricity  from  conventional 
jilants.  Conclusions  are  therefore  subject  to  wider  than  usual 
variation,  influenced  not  only  by  the  o]itimistic  or  pessimistic 
character  of  the  analyst  with  res]iect  to  nuclear  technologv-,  but 
also  by  his  familiaritv  with  the  pros]iects  for  ailvancement  in 
competing  sources  of  power  supjily. 

file  demonstration  that  nuclear  power  is  practical  and 
reliable  is  sufficient  to  assure  its  utilization  in  applications 
which  take  advaiit.ige  of  one  or  both  of  its  two  most  important 
unique  qualities.  ihese  are  the  ability  to  produce  large  quanti- 
ties of  clectricitv  from  a very  small  although  not  inexpensive 
inventory  of  fuel,  and  to  ojierate  without  requiring  comluistion  air 
which  avoids  releasing  large  (piantities  of  combustion  products  to 
the  atmosphere.  These  attributes  alone,  however,  will  not  assure 
extensive  use  of  nuclear  energy  ;is  a source  of  electricity  for  the 
power  industrv  in  the  foreseeable  future.  Nuclear  power  must  offer 
electricitv  at  a cost  lower  than  other  available  means,  if  it  is 
to  be  widely  used.  It  is  toward  this  end  that  the  major  research 
and  ilevelopment  effort  is  now  directed. 

Tike  ordinary  fossil  fuel-fired  plants,  nuclear  powerjilants 
use  heat  to  province  steam  to  drive  turbine  generators.  The  kilo- 
watts of  iiower  capacity  and  the  kilowatt-hours  generated  from 
either  source  are  undi fferent i ated  and  are  transmitted  and  distrib- 
uted in  the  same  way.  The  major  difference  is  that  conventional 
thermal  [ilants  use  heat  produced  by  combustion  of  fossil  fuel  in  a 
furnace,  but  nuclear  plants  use  heat  jiroduced  by  fission  of  nuclear 
fuels  in  a reactor.  Basically  a nuclear  reactor  is  substituted  for 
a fossil-fuel  boiler. 
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I coiiomics  ot  Niu  li-.ir  (iciu' rat  i on 

l.arl>’  “Stages  of  civil  iati  nuclear  development  have  been 
accelerated  by  j;overnment  expenditures.  These  programs  have  included 
financial  assistance  to  ]irivatel>'  owned  jirojects,  research  in  govern- 
ment laboratories,  savings  to  individual  comjianies  from  the  use  of 
the  government's  large  volume  fuel  jireiiarat  i on  and  ji  rocess  i ng  , and 
waste  disposal  h\'  the  government  for  national  securit\’  programs. 

Other  assi.stance  has  includeil  "Iniyhack  of  plutonium"  or  waiter  by 
the  \tomic  l.nergy  Commission  of  rental  charges  for  nuclear  materials 
during  early  years  of  nuclear  |iower  operation. 

both  government  and  industry  recogni::e  that,  when  S|iecific 
types  of  nuclear  powerplaiits  aiiproach  levels  competitive  with  fossil- 
fuel  plants,  fiirtlier  ilevi' 1 o]iment  of  these  reactor  ty[ies  should  [iroceed 
without  government  financial  assistance.  The  industry  will  he  assiuning 
financial  i lulependence  in  other  ways.  legislation  was  enactcil  in 
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August  I'.Uil,  wli  i cli  in  et'l'ect  retiui  res  j)rivale  owncrsliip  of  new 
tiiels  ni'etJeil  for  I'eaetor  use  after  Decemln'r  .1 1 , 11)70,  and  calls 
for  terminating  all  outstaiulinji  leases  of  fuels  by  dune  SO,  1D7S. 

At  the  present  time  all  commercial  |iower  reactor  fuel  is  being 
rejircHessed  by  Nuclear  fuel  Services  in  New  York.  I'he  (icneral 
1 lectric  (om]ian>-  has  a fuel  processing  plant  in  Illinois.  Other 
large  national  companies  are  also  considering  construction  of 
ailditional  fuel  pi-ocissing  capacity.  However,  the  frontiers  of 
research  ,iiui  development  for  further  new  scientific  and  technical 
advances  in  ju-rfecting  bri'eder  reactors  and  otlier  more  advanced 
nuclear  reactors  will  still  need  government  sponsorship  and  financial 
aid. 


's  prct'iously  noted,  the  nuclear  powerplant  is  much  like  a 
conventional  ste.im  plant  excejU  that  a nuclear  reactor  is  used 
instead  of  a furnace  burning  fossil  fuel.  Shielding  must  be 
provided  to  contain  hazardous  radiation  during  normal  o]ieration, 
and  special  containment  facilities  and  other  safeguards  must  be 
incorporated  to  jirevent  the  escape  of  radioactive  material  in  the 
improbable  event  of  a reactor  accident.  for  these  and  other  reasons, 
a nuclear  plant  is  likel\'  to  have  higher  construction  costs  than  a 
conventional  plant.  However,  comparative  design  ;-tudies  have  indi- 
cated that  the  capital  costs  per  unit  of  capacity  for  a nuclear 
plant  should  decline  even  more  rapidl>’  with  increasing  capacity 
tiian  do  conventional  jilant  costs.  Accordingly,  the  capital  cost 
disadvantage  of  nuclear  jilants,  in  comparison  with  conventional 
plants  will  be  less  significant  for  larger  jilants. 

More  specialized  ojierating  staff  and  higher  maintenance 
costs  for  some  equipment  are  reejui red  for  nuclear  than  for  conven- 
tional Jilants.  \ccordinglv,  nuclear  jilants  have  been  relativel)- 
more  e.xjiensixe  to  ojierate  and  maititain  than  conventional  jilants. 
However,  this  ilifference  is  exjiected  to  decline  with  increasing 
nuclear  jilant  cajiacit)'  and  greater  ojierating  exjie  r i enci- . 

It  is  antieijiated  that  future  fuel  cycle  costs  will  be  lower 
because  of  substantial  i mjirovcnR'nt  !>>■  i;)80  of  the  energy  \ ield  in 
subseijuent  fuel  loads  in  either  the  present  ti'pes  of  water  reactors 
or  in  imjiroved  reactors.  In  more  recent  (juotations  for  new  jilants, 
nuclear  supjiliers  have  anticipated  s i mji  1 i f i cat  i on  and  imjirovement 
in  fuel  fabrication  and  other  fuel  cycle  i mjirovement  s , and  (juota- 
tions have  assumed  lowered  cost  achieved  by  larger  volume  of  sales. 

riiese  potential  imjirovements  jioint  in  the  direction  of 
increased  outjnit  over  initial  design  cajiacities,  decreased  unit 
costs  in  dollars  jier  kilowatt  of  capacity,  and  decreased  fixed 
charges  and  fuel  cycle  and  other  costs  jier  kilowatt-hour. 

In  view  of  the  sharji  effect  of  increases  in  unit  size  in 
reducing  the  cost  of  nuclear  jiower,  the  maximum  sizes  in  which  it 
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is  possible  to  build  nuclear  plants  are  of  special  interest. 
c:onst  ruct  i on  of  mammotli  nuclear-electric  power  stations  with 
several  reactor  units  at  one  site  may  be  anticipated.  The  handicap 
of  rigorous  site  requirements  could  be  overcome,  at  least  in  some 
depree,  by  building  several  reactor  units  at  a single  site.  Unit 
costs  could  also  be  reduced  by  sharing  of  fuel  handling  and  other 
facilities  among  the  units,  and  perhaps,  in  the  case  of  some  designs, 
by  the  use  of  common  containment. 

iully  exploiting  the  multiunit  apjiroach  could  result  in  a 
very  large  capacit>'  nuclear  station,  suggesting  the  possibility  of 
several  utility  systems  Joining  forces  to  establish  a nuclear 
generation  center.  While  such  a development  would  conserve  nuclear 
plant  sites,  tlie  economies  of  construction  and  operation  would  have 
to  be  balanced  against  the  extra  costs  of  transmitting  the  power 
from  a single  source  throughout  extensive  market  areas  and  the 
disadvantage  to  national  defense  from  concentration  of  capacity. 

The  establishment  of  a large  capacity  transmission  grid  covering 
broad  areas  of  the  country  would  tend  to  minimize  the  transmission 
costs  and  enhance  the  potential  savings  in  the  construction  of  such 
a nuclear  complex. 

I'stimates  of  nuclear  plant  production  often  employ  the 
assumption  that  the  long-term  maximum  average  output  of  nuclear 
plant'i  will  be  alnnit  SO  percent  of  maximum  capacity.  Insofar  as 
ava i 1 ab i 1 i t >■  is  concerned,  this  assumption  may  even  be  conservative, 
tionsidering  the  generally  low  pressures  and  temperatures  in  the 
nuclear  steam  cycle  of  contemporary  water  reactor  designs,  the 
nuclear  turbogenerators  and  heat  exchangers  of  these  reactors  may 
prove  relatively  dependable  compared  to  today's  high-pressure  and 
temperature  conventional  plants.  Reactor  refueling,  maintenance, 
and  other  factors  could  account  for  offsetting  sources  of  outages 
for  nuclear  plants  in  comparison  with  conventional  plants.  .Attempts 
are  being  made  to  reduce  outages  for  refueling.  lor  examj^le,  some 
reactor  designs  [irovide  for  on-line  refueling  but  it  may  be  that 
the  cost  of  the  equipment  to  exjiedite  this  ojieration  will  be  greater 
than  the  savings. 

Availability  itself  ma\’  not  control  the  extent  to  which  a 
particular  nucle.ir  jilant  will  tie  used.  Load  conditions,  and 
possibilities  for  use  of  other  low  cost  alternatives  including 
imjiroved  nuclear  plants,  will  determine  the  capacit)’  factor  of 
each  plant.  Lons i tier i ng  the  fuel  cost  advantages  likely  for  large 
reactors,  it  is  expected  tliat  large  nuclear  plants  will  lie  favored 
for  the  highest  level  of  output  in  the  system  comjilex.  At  times 
during  the  prime  years  of  the  plant's  life,  nuclear  units  may 
opt-rate  at  plant  factors  between  8U  and  ‘JO  percent,  declining 
subse(|uent  ly  as  lower  cost  base  load  plants,  probably  of  improved 
nuclear  type,  are  added  to  the  system.  The  pattern  should  follow 
that  of  conventional  jilants  except  that  nuclear  plants  will  be  used 


115 


at  ltij;hcr  capacity  factors,  because  of  their  lower  operatinjj  costs. 

Another  factor  in  t(ie  extent  to  which  nuclear  plants  will 
be  used  is  tlie  di sji  1 acement  of  their  capability  liy  hydroelectric 
energy  which  is  otherwise  unusable.  .Substantial  regional  benefits 
will  be  achieved  by  such  fuel  di s[i  1 acement  through  coordinated 
operation  of  thermal  and  hydro  generation.  The  problems  in  such 
operation  are  new  amt  unique  to  the  electric  utilities  and  the 
supiiliers  of  nuclear  systems,  particularly  the  suppliers  of  nuclear 
fuels.  Studies  of  such  coordination  arc  only  beg i nni ng . ( JD j 

the  prediction  of  base  load  operation,  as  discussed  above, 
is  appropriate  for  the  early  economically  competitive  nuclear 
plants,  hut  it  may  not  be  appropriate  for  all  plants  when  nuclear 
power  becomes  a sulist ant i al  fraction  of  a system's  power  supply, 
typically,  minimum  night-time  system  loads  are  only  tibout  two-thirds 
of  the  daytime  peaks.  When  more  than  this  fraction  of  tlic  peak  is 
supplied  by  nuclear  plants,  there  must  be  some  reduction  in  off-peak 
output  to  follow  the  load  decline.  I-urther  increases  in  the  nuclear 
capacity  will  then  require  that  these  plants  be  increasingly  pre- 
paid to  "follow"  the  system  load  variation.  All  experience  thus 
far  indicates  that  nuclear  plants  have  excellent  loading  flexibil- 
ity-- act  ua  1 ly  siqm'rior  to  large  conventional  steam  units.  However, 
future  nuclear  plants  designed  for  high  pressure  and  temperature 
operation  may  lose  this  margin  of  superiority. 

Steam  leaving  the  low  pressure  exhaust  of  a nuclear  plant 
turbine  is  liquefied  in  the  condenser,  a process  requiring  a con- 
siderable flow  of  cooling  water  through  tlie  condenser.  Nuclear 
plants  now  operating  have  steam  turbines  of  lower  efficiency  tlian 
those  now  forming  part  of  modern  high-pressure,  high-temjierature 
fossil-fuel  fired  plants.  This  is  reflected  in  a greater  condenser 
cooling  water  requirement.  lor  a 1,000-megawatt  nuclear  plant  with 
a cooling  water  temperature  rise  of  20°T.  , the  flow  through  the 
condenser  would  be  about  1 ,020  cubic  feet  per  second.  If  an 
evaporative  cooling  tower  were  used  for  this  plant,  cooling  water 
system  consumptive  use  would  be  .AT.. A cubic  feet  ]ier  second.  Ihe 
consumptive  use  for  steam  loop  make-up  water  would  be  about  0.2 
cubic  feet  per  second. 


Nuc lear  Safety 

Nuclear  fission  is  accompanied  by  the  emission  of  direct 
radiation  and  by  the  formation  of  a variety  of  radioactive  fission 
fragments  that  will  emit  radiation  over  various  time  periods  during 
which  they  decay.  I'hcrefore,  it  is  imperative  to  provide  safeguards 
to  avoid  contamination  of  the  working  areas  of  the  plant  and  tlie 
environment  surrounding  the  plant. 


r.ovornmeiU  and  industry  liavc  acted  in  three  ways  to  avoid 
serious  conso(.\viences  •.  (li  liy  safeguards  to  tiold  normal  routine 
release  to  minor  levels  or  to  holtl  accidental  release  of  liazardous 
radiation  and  radioactive  jiroducts  witliin  the  reactor  structure; 

(J)  b\'  containment  structures  and  other  safeguards  to  keep  within 
the  plant  any  acciilental  release  of  hazardous  radiation  which 
occurs;  and  (3)  b>-  zoning  measures  to  prevent  whatever  radiation 
and  radioactive  proilucts  nia>'  escape  inadvertently,  in  spite  of 
multiple  safeguards,  from  causing  Itarm  to  the  inhabitants  in  the 
vicinity. 

It  is  difficult  to  ilet ermine  the  kinds  and  e.xtent  of 
radiation  doses  which  under  innumerabl\'  different  kinds  of  condi- 
tions should  be  regarded  as  likelv  to  cause  harm.  The  Atomic  hnergy 
(ommission,  international  agencies,  and  others  have  evolved  stand- 
ards and  criteria  based  upon  ex|K>sure  data  and  e.x.pert  judgment  as 
to  what  limitations  and  requ  i I'ement  s m.ay  be  essential  to  achieve 
.'ulequate  protection.  iurtlier  ex]ierience  may  lead  to  tightening  or 
relaxing  the  criteria  wliicli  may  I'c  apjilied  in  the  future. 

rhe  Atomic  1 nergy  fommission  has  placed  much  stress  on 
safet>-  in  its  civilian  nuclear  program.  Research  and  ilevelopment 
in  radioactive  waste  management  have  lieen  imderwa>-  for  man\'  >’cars, 
and  ;i  companion  |irogram  in  re.ictor  safetv  was  started  in  19.S.3. 

\n  expanded  aiui  accelerated  program  was  initiateil  in  1901,  which 
includes  a wide  range  of  engineering  scale  tests  ;uul  evaluation 
studies  relating  to  reactor  s;ifet\-. 

Ilie  cliance  that  some  accident  might  occur  h;is  led  to  major 
efforts  to  reduce  the  likeliliood  of  accidents  and  minimize  the  con- 
sequences, efforts  which  to  d.ate  have  been  highly  successful.  To 
assure  .1  high  degree  of  safety,  nucle.ir  reactors  must  be  designed 
and  operated  with  the  utmost  care  to  reduce  the  [irobability  of 
accidental  d i ssemn i nat i on  of  radioactive  products.  These  safeguard- 
ing steps  must  include  gre.it  c.are  in  plant  design,  extensive 
i ns  t riiment  .'It  i on  and  monitoring,  rcwpii  rements  for  precision  and 
reliability  of  comjionents,  provision  of  multiple  auxiliaries  and 
services  to  reduce  risks  of  cquijMnent  or  operating  failure,  special 
care  in  fuel  handling  and  storage,  provision  ot  shielding  and 
structural  and  operating  safeguards  intended  to  contain  direct 
radiation  and  r.id  i oact  i ve  fission  products,  appropriate  means  for 
controlled  rele.ise  of  radiation  when  desirable,  rigorous  control 
to  assure  pro[>er  construction,  o[ierating  procedures,  .and  mai  nten.ance , 
and  frequent  inspection  aiul  testing  of  all  safety  procedures  ;ind 
i ijii  I pment  . 


The  radi.it  ion  h;iz;irds  of  a nuclear  accident  can  he  further 
reduced  by  prescribing  restricted  or  exclusion  areas  in  the  plant 
vicinity.  Thus,  if  substances  emanating  from  a reactor  must  travel 
several  miles  through  the  air  before  they  can  re.ich  substanial 
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numlu'rs  of'  |U'0|>  lo , thoir  liazanlous  diaractor  can  he  rctliiccd  not 
only  by  natural  dis]H’rsion  aiul  dilution  in  the  atniospliere  luit  also 
throuf^h  pai'tial  deca\  of  the  I'adioactive  and  toxic  pi'oducts  during 
the  time  of'  movement  out  of  the  rest?-icted  zone.  Tlierefore,  Al.h 
lias  utilized  distance  fi'om  the  reactor  to  people  as  one  of  the 
sei'eral  safeguards  in  nuclear  )ilant  site  selection  criteria. 

The  jHissihle  effi'Ct  of  eartlupiakes  is  an  additional  ipiestion 
often  raised  in  connection  Kith  the  location  and  design  of  nuclear 
I'lants  in  ea  rt  lupaake-ji  rone  ai'eas.  An  Ali(!  report  on  earthipiakes  (1) 
analyzes  various  wavs  in  uhich  eartlu|uakes  miglit  cause  mechanical 
Or  structural  i'ailurv'  aiui  disrupt  plant  equipment,  services,  or 
protective  controls  and  thereby  jiroduce  effects  on  reactors  kIucIi 
could  lead  to  more  S'vere  consequences.  The  analysis  outlines  the 
special  cons  i de  rat  i tins  aiul  precautions  in  site  selection,  design, 
and  engineering  to  he  taken  in  the  planning  and  construction  of  the 
plant  to  offset  tlie  effect  of  unusual  seismic  forces.  The  geologi- 
cal conditions  at  sites  for  nuclear  plants  pro|Hised  for  an  earthquake- 
]vrone  area  must  receive  esjieciall>  tiiorougli  examination  aiul  all 
j'art  ; of  the  facilitv  must  he  checked  for  strength  and  functional 
I'erformance  to  resist  the  'vhock  loadings  that  can  he  iiii)iosed  hv 
severe  earthquakes. 

Accidents  can  happen  hut,  in  vieK  of  the  multiple  safeguards 
and  ]'>recaut  ions  built  into  a nuclear  plant,  a combination  of  events 
uhich  could  [vrotluce  a niuliMr  accivlent  involving  harmful  radiation 
effects  in  inhabited  areas  i •<  extremelv  improbable.  If  anv  reason- 
able conce  i V ,ai>  1 e accident  were  to  occur,  such  as  a break  or  major 
leak  in  a line  of  the  primarv  cooling  vs  tern,  ultimate  release  of 
harmful  radiation  uoiild  not  occur  except  as  a result  of  a sv'ries 
of  failures  of  s.ifetv  features.  A breakdown  of  all  of  the  numerous 
independently  operative  safetv  controls  for  stopjiing  the  reactor 
process  must  have  occurred  before  the  nuclear  material  conceivablv 
could  melt  down  and  produci'  heat  and  pressure  which  could  cause 
railiation  and  radioactive  ]iroducts  to  esca]ie  from  the  reactor  area. 

I. veil  then,  no  public  harm  would  result  without  the  further  combina- 
tion of  the  failure  of  the  containment  shell  or  su]i|iress  i on  chambers 
to  retain  the  railioactive  materi.ils.  If  some  of  the  radioactive 
material  did  escape  from  the  plant,  it  would  be  subject  to  the 
effects  of  ilecay  and  ililiition  in  reaching  inhabited  areas.  The 
coiiseiiueiices  of  anv  nuclear  accident  are  great  l\  mi  nimi  zetl  by  the 
criteria,  staiularils  aiul  jirocediires  enip  loved  by  AbT  in  the  licensing, 
testing,  operation,  maintenance,  and  inspection  of  nuclear  projects. 
Ihe  safety  record  in  the  operation  of  utilitv  sponsored  nuclear- 
electric  plants  to  date  has  been  exceptionally  go  id. 

Increasing  efforts  to  reduce  air  pollution  may  ailvaiice  the 
consideration  of  nuclear  powerjilants  in  some  areas.  Ihese  plants 
ilo  not  release  hydrocarbons  or  other  chemical  substances  which 
could  contribute  to  air  [lollution  prolilems.  Should  much  more 
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elaborate  atul  ex]iensivi'  air  cleaninj;  e(iuipment  than  that  now  in  use 
be  demaniieil  of  conventional  plants,  this  increased  cost  would  make 
nuclear  poweq'lants  I'elatively  more  attractive. 

U'hile  it  is  likel\’  that  an  extended  record  of  j;ood  experience 
will  be  reipiired  before  nuclear  plants  arc  built  in  close  proximity 
to  densely  populated  load  centers,  this  does  not  mean  that  the 
beneficial  effects  of  nuclear  |ilants  in  rcducini;  air  pollution  arc 
not  already  of  value.  There  arc  few  locations  where  major  new 
conventional  jilants  would  be  located  where  freedom  from  atmospheric 
pollutants  would  not  be  a valuable  featvire. 

I.i.abilit}’  insuranci-  presents  special  problems  for  nuclear 
powerplants.  lixperience  to  date  has  been  limited  to  a few  years 
and  a small  numi>er  of  plants.  \ccidcnts  have  lieen  few  in  number 
and  damaj^e  small,  but  there  is  little  statistical  basis  for 
establishing  risks.  Meanwhile,  conceivable  risk  and  liability  have 
been  considered  to  exceed  the  financial  capability  of  the  private 
insurance  industr>’.  Accordi  ng  1\- , tiongress  in  1957  authori::cd  the 
federal  (iovernment  to  provide  liabilitv  protection  up  to  $48b  million 
for  an>’  single  nuclear  accident.  The  reactor  operators  have  paid 
the  government  an  annual  fee  of  S.50  ju'r  megawatt  of  reactor  heat 
capacit)'  for  liabilit\-  coverage.  This  usual!)-  amounts  to  about 
$100  per  megawatt  of  electrical  capability. 

Owners  are  required  to  secure  the  prescribed  amount  of 
;iri\ate  liability  insurance  u|i  to  a limit  of  $~4  million,  depending 
upon  size  of  nuclear  plant,  as  .1  [irerecjui  s i te  to  licensed  operation 
and  procurement  of  federal  1>-  sponsored  liabilit)-  protection.  This 
is  in  addition  to  the  federal  liability  insurance.  Insurance 
compan)-  [iremiums  for  nuclear  plants  are  at  jiresent  higher  than 
premiums  for  conventional  operations. 


Ot he r f.coiKini ic  factors 

\ii)-  considerable  nuclear  power  industry  must  stand  on  its 
own  financial  feet.  fstimates  of  nuclear  power  costs  are  generally 
predicateu  on  a large-scale  nuclear  power  industr>-  and  escalation 
of  unit  sizes  well  above  those  that  have  been  built  to  date.  The 
scale  of  projected  nuclear  cajiacity  adilitions  is  based  on  assumji- 
tions  of  cost  believed  to  be  consistent  with  jirivate  ownership  of 
plant  and  fuel,  fuel  manufacturing,  and  reprocessing  facilities, 
and  normal  profits  for  equipment  manufacturers.  It  is  assumed, 
however,  that  the  federal  Covernment  will  continue  to  participate 
to  some  extent  in  hazard  insurance  against  nuclear  loss  beyond 
private  cover/ige. 


nu-  Columbi  ;i-North  Pacific  Region  already  has  one  nuclear 
plant,  the  Hanford  plant  of  Washington  Public  Power  .Supply  System. 


It  is  ot  thf  prossuri  zcil  water  type  and  operates  at  low  temperature 
and  pressure.  Its  steam  siipf>ly  is  I'rom  a federall)'  owned  nuclear 
reactor. 


Other  nuclear  ['owerplants  in  service  in  other  jiarts  of  the 
country  in  lOOP  are  of  various  types  including  pressurized  water, 
boilinj;  water,  h i gh - 1 emperat ure  ^as  cooled  and  sodium  cooled.  These 
plants  h.ave  a total  capacity  of  2,0.>7  mejjawatts.  Other  nuclear 
plants  with  ;i  tot.al  cajiacity  in  e.xcess  of  38,000  mejiawatts  were 
under  construction  h\'  1070. 

Nuclear  fuel  reserves  will  he  i ncreas  i nj;  ly  important  as  more 
and  more  plants  are  Inu  1 1 . I'stimates  of  the  size  of  nuclear  fuel 
reserves  of  the  United  .States  arc  approximate  and  based  on  a ranj’e 
oi  product  ioti  costs.  Accordinj;  to  the  best  information  published 
to  tlate,  nuclear  fuel  consuni]ition  b\  plants  existing;  or  to  be 
constructed  by  1080  will  not  amount  to  more  than  15  percent  of  the 
reserves  estimated  to  cost  less  than  $10  per  pound  of  uranium  oxide. 
If  the  allowable  cost  of  uranium  oxide  is  increased  to  $15  per 
]iound , the  economic  reserves  available  are  nearly  doubled. 


Tower  l.xchanges  and  I mitorts 

\ complete  I oad- resource  analysis  for  an  area  must  consider 
the  flow  of  pow(.r  into  aiul  out  of  the  area.  I'his  has  an  effect  on 
the  transmission  system  reipii red  for  the  area,  but  its  most 
important  effect  is  on  the  power  resources  re(|uired  to  meet  the 
electric  load  of  the  area.  Sometimes  these  power  flows  have  a 
l>reater  effect  on  the  char.icter  of  the  area's  internal  power  supply 
than  mij’ht  be  suj;j;ested  b\-  their  relative  magnitude. 

Power  interchanges  between  areas  are  made  for  a variety  of 
reasons.  Ihe  most  st  ra  i-ght  fon%ard  reason  is  a surjilus  of  electric 
energy  in  one  region  and  ;i  deficienc>’  in  the  other.  Where  this 
''Urplus  is  of  a firm  nature,  it  provides  a firm  resource  to  the 
importing  region.  In  most  instances,  however,  the  resource  exists 
as  a surplus  only  over  a limited  period  of  years  and  therefore 
provides  no  firm  resource  to  the  importing  area  on  a long-term 
basis.  Under  a given  load  level,  power  surpluses  in  an  area  are 
tiot  usually  available  under  all  circumstances  of  load  aiul  streamflow. 
In  these  instances,  they  usually  do  not  supply  firm  enei-gy  to  the 
importing  area  and  are  restricted  to  such  uses  as  fuel  d i s]i  1 acemc-nt 
and  interruptible  iiulustrial  loads. 

Other  reasons  for  interchange  apply  to  peaking  capability. 

If  a region's  loads  and  resources  are  in  balance  with  respect  to 
energy  l)ut  a surplus  of  capacity  exists,  then  that  peaking 
cajiability  can  be  available  for  export.  Two  (piestions  arise  with 
this  export.  first,  will  the  exporting  area  agree  to  continue 


120 


installing  generators  to  maintain  this  surplus?  Secoml,  will  the 
exporting  system  supply  the  energy  which  accompanies  this  peaking, 
or  will  it  recpiire  that  the  energy  he  returned  during  light  load 
periods  of  the  importing  system? 

Miere  there  is  load  diversity  between  the  two  areas,  firm 
resources  may  result  from  an  interchange  even  though  both  areas 
have  loads  and  resources  in  balance.  This  may  be  a diversity  in 
hourly  loads,  but  more  productively  might  be  a diversity  in  seasonal 
loads.  To  measure  the  productive  diversity  consideration  of  histor- 
ical or  forecasted  loads  may  not  be  sufficient.  There  must  be  a 
high  assurance  of  diversity  for  firm  benefits  to  result.  If,  for 
example,  there  is  a diversity  of  one  hour  in  peak  loads  of  the  two 
areas,  then  an  abnormality  of  only  one  hour  in  the  peak  load  of 
either  area  might  entirely  negate  the  diversity  measured  for  some 
past  period. 

The  foregoing  discussion  by  no  means  exhausts  the  potential 
benefits  of  power  exchanges.  Exchanges  of  energy  between  thermal 
systems  may  decrease  the  total  collective  cost  of  energy  generation. 
Ability  to  exchange  peaking  power  may  reduce  the  overall  cost  of 
generating  reserves.  Other  situations  have  similarly  been  identified 
where  power  exchanges  hold  promise. 

A fundamental  necessity  for  power  interchanges  with  adjacent 
areas  is  adequate  interconnecting  transmission  capacity.  Sufficient 
transmission  capacity  for  the  Columbia-.N'orth  Pacific  Region  to  oper- 
ate as  one  power  system  has  existed  for  a considerable  time. 

Capacity  for  significant  interchanges  with  other  areas  is  developed, 
such  as  the  three  extra-high  voltage  lines  being  constructed  to  the 
Pacific  Southwest.  Additional  interchange  capacity  with  the  Missouri 
Basin  systems  and  British  Columbia  will  undoubtedly  be  provided  in 
the  future . 

Some  of  the  more  important  interregional  interchanges  are 
discussed  under  the  following  headings: 


Canadian  Treatv  Power 


Under  terms  of  the  Columbia  River  i'reaty,  Canada  was  to 
receive  power  as  reimbursement  for  regulation  of  flow  by  Mica, 
Arrow,  and  Duncan  reservoirs.  Sale  of  tl^is  entitlement  liy  Canada 
through  the  Columhia  Storage  Power  exchange  retained  the  power  in 
the  United  States  but  for  an  interim  period.  For  the  early  part  of 
this  period,  most  of  the  entitlement  will  be  exported  to  Pacific 
Southwest  utilities.  By  1983-84,  however,  all  the  assignments  to 
California  will  be  withdrawn  and  the  Canadian  entitlement  will  be 
used  entirely  in  the  Pacific  Northwest. 
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Sale  of  the  Canadian  c-nt  i 1 1 emcnt  Ls  for  identified 
diminishing  juiiounts  of  capacit)'  and  energy  tlirough  tlie  year  2003. 
After  that  date,  the  entitlement  may  therefore  result  in  an  export 
of  power  from  the  region  with  tlie  amount  lietemiined  each  \-ear 
under  terms  of  the  treaty.  The  magnitude  of  the  entitlement  at 
such  a distant  date  is  uncertain;  however,  sale  of  the  entitlement 
provides  for  terminal  .unounts  of  approximate!)'  200  megawatts  of 
capacity  and  100  .average  megawatts  of  energ)-. 


l.xchange  of  Power  with  the  I'acific  Sout Invest 

Availability  of  the  three  high  voltage  lines  interconnect- 
ing with  the  Pacific  .Southwest  proviiles  opportunities  for  export 
of  various  classes  of  [lower.  In  the  early  years,  in  addition  to 
Canadian  treaty  power,  considerable  secondary  hydro  energy  will  be 
avail.'ible  for  export.  Not  all  the  available  energy  will  be 
exported  as  the  Regional  Preference  Act,  Public  l,;iw  88-552,  restricts 
the  export  to  protect  energy  supplies  for  Pacific  Northwest  users. 
With  increased  thermal  electric  installation  in  the  Pacific 
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Northwest,  socoiulary  hydro  enerj;y  will  he  increasingly  usable  for 
fuel  displacement  aiul  exports  of  energy  will  diminish. 

Ol^portuni  t ies  for  increased  hydroelectric  [leaking  installa- 
tion in  the  Northwest  exist  at  many  of  the  larger  hydro  plants.  As 
the  incremental  cost  of  such  [leaking  ca[iacity  is  low,  these  plants 
provide  an  attractive  source  of  peaking  for  exports  over  the  period 
until  the  ca[iacity  is  recpiired  in  the  Northwest.  A portion  of  this 
ca[iacity  will  he  sold  directly  with  the  remaining  portion  exchanged 
for  energy,  thus  incrementing  the  firm  energy  sup[ily  of  the  Northwest. 
B>'  IDSfi,  when  the  f.Sl’l'.  sales  to  California  have  terminated,  it  is 
anticipated  that  l,.i42  megawatts  of  ca|iacity  will  he  supplied  the 
Southwest  in  return  for  which  ,i.i9  megawatts  of  firm  average  energy 
will  he  received.  Other  exchanges  will  raise  this  average  energy 
to  .i(i()  megawatts.  Diversity  exchanges  witii  Arizona  utilities  will 
also  provide  922  megawatts  of  capacity. 

Power  capahiiity  of  the  Bureau  of  Reclamation's  Central 
\alley  Project  in  tialifornia  is  the  source  of  power  supply  to  certain 
public  power  distribution  agencies.  To  extend  the  period  over  which 
the  requirements  of  these  agencies  can  lie  met,  the  Bureau  has 
contracted  for  a [lower  sup|ily  from  I’acific  Cas  f,  lilectric  Company, 
the  principal  [lower  utility  of  central  and  northern  California. 

In  return  for  such  a [lower  su[i|ily  in  tlie  more  distant  future,  power 
in  the  early  future  is  to  lie  provided  the  compani’  by  the  Bureau's 
purchase  of  a share  of  the  Centralia  tlierma  1 -e  lect  ri  c plant  in  the 
Northwest  with  the  power  coordinatetl  and  transmitted  by  Bonneville 
Power  Administration.  The  purchase  is  for  an  amount,  which, 
adjusted  for  transmission  losses,  [irovides  400  megawatts  of  capacity 
at  the  Oregon-tia  1 i forn i a liorder  for  a 10-year  [leriod  beginning 
.January  1,  1972.  hnergy  accompanying  this  [lower  is  scheduled  by 
liours . lo  the  extent  this  cnerg>’  exceeds  tliat  generated  by  the 
400-megawatt  share  of  the  [ilant,  the  deficit  must  be  returned  before 
the  eiul  of  the  storage  release  [leriod.  If  there  is  a sur[ilus  rather 
than  a deficit,  it  is  stored  in  Northwest  lederal  reservoirs  and 
scheduled  for  subsec|uent  delivery  or  alternatively  spilled,  or 
purchased  if  usable.  Specific  cliarges  are  provided  for  transmission, 
storage,  or  [Uirchase  of  suqilus. 


hxcha n^ e_  of  Power  w i th  Bri  t i sh  Co_U imb i a 

Transmission  interconnections  with  British  Columbia  have 
been  in  o[ierat  ion  for  many  years.  In  19(i(i-(i7,  there  was  a firm 
import  which  exceeded  the  transmission  capacity  in  the  United  States 
under  certain  emergency  conditions.  Purchase  of  the  Canadian 
Storage  hntitlement  in  the  United  States,  of  course,  contractually 
constitutes  an  import.  Studies  were  recently  initiated  by  non- 
l-ederal  utilities  of  the  Pacific  Northwest  leading  to  a firm 
agreement  for  coordinating  the  power  operation  of  B.C.  Hydro  with 


the  systems  (iart>'  to  the  Pacific  Northwest  (.'oordi  nat  i on  Ajjreement. 

Ilie  lonj:  tiold-over  cycle  possible  with  the  large  reservoir  back  of 
Portage  Mountain  Dam  on  the  Peace  River  raises  interesting  possi- 
bilities from  such  coordination. 

\t  various  times  it  has  been  suggested  that  the  large  hydro- 
l^oKor  potential  in  British  Columbia  provides  a possible  source  of 
power  for  the  Pacific  Northwest.  This  is  a possibility  which  should 
not  be  ruled  out,  but  various  factors  make  it  conjectural  at  this 
time.  One  is  the  accelerating  load  growth  of  R.C.  Hydro  which 
approaches  the  ability  of  the  Province  to  provide  new  power  resources. 
.Another  is  the  complications  of  the  necessary  treaty  negotiations 
to  make  such  benefits  firm. 


1 .xchange  of  Power  with  the  Missouri  River  Basin 

It  lias  been  suggested  that  high  voltage  interconnection  of 
tlie  two  lederal  power  generation  and  marketing  systems  in  the 
Columbia  and  Missouri  River  Basins  would  provide  valuable  power 
benefits.  The  last  investigation,  the  final  stages  of  which  were 
not  completed,  concluded  that  an  interconnection  would  provide 
appreciable  benefits  through  resource  diversity,  hourly  load 
diiersit)’,  and  thermal  energy  transfer.  Recommendation  of  the 
interconnection  has  been  withheld  pending  further  study. 

Montana  Power  Company  serves  loads  and  has  capability  in 
bolli  the  Columbia  and  Missouri  River  Basins.  Shifts  of  power  sup[ilv 
within  tile  Montana  system  therefore  constitute  exports  in  the 
technical  sense.  Power  studies,  including  those  under  the  I’acific 
Northwest  Coordination  Agreement,  solve  this  problem  through  the 
device  of  considering  Coliunbia  River  Basin  generation  only,  with 
a corresponding  load  allocation. 


lixchange  of  Power  with  Utah  Power  tj  l.ight  Company 

In  the  past  there  have  been  exchange  and  purchase  agreements 
between  Idaho  i’ower  Com])any  and  Utah  Power  i\  l.ight  ('ompany . I'hese 
have  been  for  definite  limited  periods,  and  there  is  no  information 
that  such  exchanges  should  be  contemplated  on  a long-term  firm  basis 


Pxotic  Generation  Sources 


Ihe  word  "exotic"  when  used  to  describe  means  of  generating 
electric  power  generally  refers  to  such  methods  as  nuclear  fusion, 
magnetohydrodynamics  (MHU) , fuel  cells,  thermionics,  jihotovoltaics , 
or  thermoelect rics . Of  these,  the  greatest  hope  for  a device  of 
high  capacity,  suitable  for  electric  power  system  central  station 
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generation,  seems  to  lie  in  either  the  nuclear  fusion,  or  the  Mill) 
type  of  generator. 

"Nuclear  fusion"  is  inteiuleil  to  identify  a method  of  produc- 
ing very  large  amounts  of  heat  by  uniting  or  fusing  light  nuclei 
such  as  those  of  deuterium  or  tritium  as  contrasted  to  production 
of  heat  by  splitting  or  fissioning  heavy  nuclei.  Uranium  235  for 
example,  the  basic  process  of  existing  nuclear  powerplants.  Although 
cons iderali  1 e research  effort  has  lieen  and  is  being  exerted  in  an 
attempt  to  produce  power  by  nuclear  fusion,  it  has  not  yet  been 
accompl  islied.  I'he  indications  are  that  invention  of  a power  gener- 
ator using  a control leii  nuclear  fusion  process  is  many  years, 
perhaps  decades,  away. 

In  an  Mill'  generator,  electric  energy  is  produced  by  forcing 
a conducting  fluid  across  a magnetic  field  with  the  current  gener- 
ated taken  off  througli  two  electrodes  which  are  connected  to  the 
external  load.  The  machine  can  be  designed  to  generate  direct 
current  or  alternating  current  although  the  reactive  power  require- 
ments have  made  the  alternating  current  unattractive.  Design  of 
practicable,  economically  competitive,  generators  of  the  MUD  type 
apparently  will  also  reipiire  much  more  research. 

luel  cells  of  relatively  small  kilowatt  capacity  have  been 
built  and  used  as,  for  example,  in  the  space  program  (Gemini  and 
Apollo).  Their  high  cost,  space  requirements,  and  low  output  at 
the  present  stage  of  develojiment  indicate  that  they  are  not  likely 
to  be  a factor  in  central  station  power  production  for  some  time, 
if  ever. 

Photovoltaic  power  sources  (solar  cells)  have  proved  their 
value  and  dependability  under  the  severe  conditions  of  outer  space, 
but  cost,  volumetric  reciui remen ts , and  dependence  on  sunlight 
appear  to  militate  against  use  of  these  devices  in  utility  system 
power  generation. 

Thermoelectric  generators  dc[iend  on  the  difference  in  tem- 
perature of  two  separated  junctions  (hot  and  cold)  of  two  dissimilar 
metals  for  the  generation  of  current.  fhey  are  exemplified  by  the 
thermocouples  commonly  used  in  temperature  indicators  of  some  types 
of  power  et(uipment  and  as  safety  devices  in  many  household,  natural- 
gas  fired,  space  and  water  heaters.  While  they  are  eminently 
practical  for  this  type  of  service,  they  are  not  satisfactory  for 
large-scale  power  production  because  of  cost  and  size  limitations. 

In  thermionic  energy  converters,  heat  is  supplied  at  high 
temperature  to  a metallic  electrode  called  the  emitter  and  electrons 
arc  evaporated  from  its  surface.  I'hese  electrons  are  transported 
through  a gap  and  accumulated  on  a cooler  electrode  called  the 
collector.  Tlie  latter  must  be  cooled  to  keep  it  at  a lower 
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t omju'raturt'  than  the  emitter.  An  external  circuit  [irovi<les  a path 
tor  tlie  comjiletion  of  the  flow  ami  a place  for  useful  employment 
of  tlie  electric  enerjjy  produceil.  Mucli  research  has  jjonc  into  the 
development  of  this  metliod  of  convertiiif;  heat  directly  into  elec- 
tricitv.  Certain  advantages,  such  as  high  heat  rejection  tempera- 
ture and  high  output  per  unit  weight,  m.ay  make  thermionic  converters 
preferable  to  other  sources  in  sjiace  modules  where  these  two 
characteristics  are  jiart  i cu  1 ar  1 y desirable.  Their  use  in  the  niore 
mund.ine  world  of  commercial  power  seems  less  certain,  principally 
because  of  their  cost  which  c.innot  be  jiredicted  even  approximately 
at  the  present  st.ite  of  development. 

\nother  powi'r  source  less  appropriate!)’  class!  fed  as 
''exi)tic''  is  geothermal  power.  Cicothermal  power  may  be  generated 
by  the  release  of  steam  from  naturally  hot  areas  underground.  The 
thermal  aie.'i  m;iy  be  tapped  through  drill  holes  and  the  natural 
steam  condiicteil  to  a thermal  generating  unit. 

Hot  wells  are  used  for  space  heating  in  Boise,  Idaho,  and 
Kl.'im.’ith  falls,  Oregon.  I'he  only  significant  electric  generation 
from  natural  steam  in  or  near  the  region  is  at  C.eysers,  California, 
lour  wells  began  pi'oducing  at  that  area  in  1058,  and  the  steam  was 
supplieil  b\’  conti'act  to  P.-icific  Cas  !i  fleet  ric  Comp.’iny.  Power 
production  beg.ui  in  10()U  with  installation  of  12,500  kilowatts  of 
generating  capacity.  In  10"0 , plant  capiacity  at  I'he  Ceysers  is 
82,000  kilowatts,  .ind  scheduled  to  exceed  000,000  kilowatts  by  1075. 

\t  the  current  point  in  the  research  and  develoiiment  of  the 
"exotic"  gene  I’, It  i on  sources  discussed  in  the  foregoing  paragraphs, 
none  seems  to  be  far  enough  along  to  be  considered  a likel)’  central 
station  power  source.  It  is,  of  course,  impossible  to  foretell 
when  somt'  major  discover)  ina)'  be  made  that  will  project  one  or  more 
of  these  sources  into  the  very  forefront  of  large-scale  jiower 
produc  t i on . 


SI.ACINC  Of  l.l.l'CTKU:  POlVfk  bliVfl.OPMI.Nf 

Up  to  the  present  time,  the  power  needs  of  the  region  have 
been  met  almost  exclusively  with  hydroe lect  d c generation.  However, 
it  has  been  apparent  for  some  time  that  the  region's  h)dro  resources 
are  inadequate  to  meet  future  loads.  Although  there  arc  quite  a 
few  undeveloped  hydro  sites  remaining,  the  load  is  increasing  at 
such  a rate  that,  even  if  all  of  the  feasible  sites  were  developed, 
they  would  still  fall  far  short  of  meeting  the  load  by  the  year 
20()().  Thermal  generation  will  be  recpii  red  to  meet  much  of  the  in- 
creased demand,  and  it  is  anticipated  that  the  thermal  cajiacity  of 
the  region  will  gradually  lie  increased  until  ultimately  it  will  carry 
virtually  all  of  the  base  load.  Hydro's  role  will  concurrent  !)• 
change  from  the  current  situation,  where  it  meets  both  the  base 
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and  pcakinj;  loads,  to  its  ultimate  status,  where  it  will  he  called 
on  primarily  to  meet  peaking  loads.  Ihis  transition  from  an  all 
hydro  to  a thermal-hase  system  will  take  place  in  stages,  as  dis- 
cussed earlier  under  Reservoir  Storage.  The  years  1980,  2000,  and 
2020  all  represent  different  stages  in  tliis  transition. 

Since  one  of  the  primary  ohjectives  of  the  Columhia-North 
Pacific  1 ramework  Study  is  to  iletermine  the  future  water  recptire- 
ments  of  the  region,  it  is  necessary  to  determine  the  amount  of 
thermal  generation  recpiired  so  that  its  cooling  water  requirements 
can  he  estimated.  By  making  system  jiower  regulation  studies,  it  is 
possible  to  detennine  the  amount  of  hydro  generation  available  and 
hence  the  amount  of  tliermal  generation  required  at  each  of  these 
stages. 


Resources  to  Meet  Load  iti  1‘.I80,  2000,  and  2020 

Both  hydro  and  thermal  resources  will  he  required  to  meet 
loads  at  each  of  the  three  stages.  The  physical  characteristics 
of  each  of  these  resources  were  discussed  earlier  in  this  section 
under  hlectric  Power  Resources.  However,  certain  assumptions  have 
to  he  made  as  to  how  each  will  fit  into  the  load  jiattern  at  each 
stage,  further  assumjitions  have  to  he  made  regarding  the  degree 
of  coordination  to  he  attained  in  the  operation  of  the  region's 
power  resources,  and  the  amount  of  reserves  to  he  provided. 


Projects  for  Base  l.oad 


There  are  two  major  sources  of  base  load  h\dro  generation. 

Hie  first  includes  run-of-river  plants  cafiahle  of  substantially 
continuous  operation  at  full  hydraulic  ca]iacity  throughout  the  year, 
lixamples  are  the  present  Bonneville  and  Rock  Island  plants  and 
numerous  small,  older  plants  included  in  the  independent  Resources 
category  on  tables  7>7  and  .88.  The  amount  of  base  load  capacity 
from  this  source  will  probably  decrease  as  some  of  these  plants 
are  expanded  to  become  peaking  plants  and  others  are  abandoned  or 
redeveloped  as  peaking  jilants. 

The  second  source  consists  of  a portion  of  the  output  of 
the  platits  designed  for  peaking  operations.  Because  of  the  necessity 
for  maintaining  at  least  a minimum  continuous  water  release  for 
other  water  uses  downstream,  some  portion  of  the  plant  capacity  of 
each  hydro  plant  will  automatically  be  assigned  to  base  load  service. 
The  amount  of  b.ise  load  capacity  from  this  source  will  probably  be 
fairly  continuous  through  most  of  the  period  of  study. 
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It  is  ant  i c i pat  ctl  that  thermal  generation  will  gradually 
assume  the  bulk  of  the  base  load.  The  number  and  type  of  plants 
reipii red  and  the  siting  of  these  plants  are  discussed  later  under 
Site  Selection  of  i henna  1 - li  Icct  ri  c I’lants. 


Peaking  llni  ts 


There  are  a number  of  alternative  sources  of  peaking  capacity 
in  the  region;  additional  units  at  existing  hydroelectric  plants; 
new,  low  plant  factor  conventional  hydroelectric  plants;  gas 
turbines  and  biesel  jieaking  units;  and  oil-fired  ste;im-e  1 cct r i c 
peaking  plants. 

The  abilit)’  to  start  quickly  and  change  power  output  rapidly 
makes  hydroelectric  jilants  esjiecially  suitable  for  carrying  peak 
loads  and  supplying  spinning  reserve.  In  addition,  the  annual  cost 
of  providing  additional  peaking  capacity  at  hydroelectric  plants  is 
usually  less  than  the  cost  of  additional  capacity  from  alternative 
sources.  This  is  liecause  the  cost  of  dams  and  reservoirs  for  stor- 
age has  alread)’  been  incurred  and  the  additional  cost  reflects 
only  tlie  intake,  conduit,  powerhouse,  and  equipment.  A prime 
example  is  the  third  powerhouse  at  Grand  Coulee.  Listed  on  table 
7i7<  arc  some  of  the  other  projects  where  provision  has  been  made 
for  installing  additional  cajiacity.  In  addition,  the  potential 
exists  for  installing  additional  units  beyond  those  listed  in 
table  .ST  at  Grand  Coulee,  Chief  .Joseph,  and  possibly  other  projects. 

As  these  additional  units  are  added  and  thermal  capacity 
is  installed  to  carry  the  base  load,  the  operation  of  most  hydro 
plants  will  become  mainly  a peaking  operation.  A portion  of  this 
generation,  such  as  future  additions  to  the  third  powerhouse  at 
Grand  Coulee,  will  operate  at  the  very  peak  of  the  load,  while 
other  hydro  plants  will  carry  lower  portions  of  the  peak  load. 

There  are  still  a number  of  sites  available  in  the  region 
where  low  plant  factor  conventional  hydro  plants  can  be  constructed 
economically.  Most  of  the  plants  listed  in  the  inventory  of 
potential  hydroelectric  projects  fall  into  this  categorv.  These 
resources  are  included  in  the  load- resource  analysis  for  Plan  .\. 
However,  it  must  be  recognized  that,  due  to  com]ieting  uses  for  the 
river  reaches  where  these  plants  would  l>e  constructed,  they  cannot 
he  counted  on  as  firm  resources.  Tor  this  reason,  a second  analysis 
was  made,  assuming  that  peaking  resources  other  than  hydro  would 
be  required  to  meet  the  new  loads  developing  after  the  lllMO's. 
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I'liennal-clect  ric  peykinj;  plants  fall  into  two  categories: 
the  ver>-  low  capacity  factor  plants  such  as  gas  turbines  and 
IH esc  1 -e lect ri c , and  tlic  10  to  30  percent  capacity  factor  range 
steam-electric  peaking  plants. 

After  the  installation  of  the  last  units  at  hydro  plants 
is  completed  in  tlie  lOOO's,  additional  very  low  capacity  factor 
generation  will  he  reipiired,  which  could  be  met  by  gas  turbines 
or  Oiesels.  However,  pumped-storagc  may  prove  to  be  a more 
economical  means  of  meeting  this  portion  of  the  load. 

Oil-fired  ste;un-elect  ri  c [leaking  plants  arc  currently 
recognized  as  the  alternative  to  hydro  in  the  10  to  30  percent 
capacity  factor  range.  However,  with  thermal  generation  assuming 
most  of  the  base  load,  more  and  more  hydro  will  be  available  for 
peaking,  and  it  is  anticipated  that  conventional  hydro,  along  with 
pum[ied-storage , will  be  able  to  carry  this  portion  of  the  peak  load 
through  2020.  Hence,  at  the  present  time,  it  does  not  appear  that 
steam  electric  peaking  generation  will  be  required. 


Pumped-Storage 

As  discussed  earlier,  the  peaking  recpii rements  of  the 
Pacific  Northwest  will  probalily  be  met  through  1900  by  adding 
conventional  units  at  existing  hydroelectric  [irojccts.  These 
additional  units  can  be  installed,  in  most  cases,  more  economically 
than  developing  pum]ied-storage  projects.  By  the  year  2000,  however, 
studies  indicate  a regional  deficit  of  2,000  to  5,000  megawatts  of 
peaking  capacity.  By  the  year  2020,  this  re(|uirement  will  increase 
to  about  50,000  megawatts.  This  portion  of  the  load  could  readily 
be  carried  by  pumjied-storage , and  the  pumped-storage  site  inventory 
discussed  earlier  shows  that  there  is  an  abundance  of  good  sites 
in  the  region.  Numerous  sites  exist  near  the  Seattle  and  Portland 
load  centers.  Kith  development  of  less  than  lO  percent  of  these 
sites,  the  region's  peaking  capacity  can  be  satisfied  beyond  the 
year  2020. 

I.arly  [nimped-storage  deve  lo[)ment s will'^favor  sites  which 
are  capable  of  a relatively  long  generating  period  of  12  to  14  hours 
daily  at  near  full  plant  capability.  By  the  end  of  2020,  when 
thermal  geiu'ration  carries  a greater  sliare  of  the  base  load,  some 
pumjied  storage  may  0|>erate  for  [>eriods  of  only  C to  8 hours  daily. 
Because  of  the  longer  daily  operating  requirements,  the  first 
pumped-storage  plants  will  require  large  storage  capacity. 
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Table  Sta|injj  of  IKdro  Resources  Plan  B.  MtniMua  H>dro  Systes.  ColuMua-Korth  Pacific  »e|ion 


Although  tlie  repional  analysis  docs  not  sliow  any  immediate 
requirement  for  )itim|U'd- s t o rape , individual  utilities  may  find  tliat 
pv\mped-st  orape  can  I'c  ecoTiomi  ea  11  >■  adiled  to  their  systems  before 
all  of  the  )-epion's  conventional  units  have  l)cen  added.  In 
addition,  titere  ma\'  he  some  opjiortuni  t ies  to  obtain  low-cost 
peakinp  by  install inp  reversilile  units  instead  of  conventional 
units  at  existinp  plants.  An  example  of  this  wouhl  l)e  the  units 
now  beinp  installctl  at  tlic  C.rand  Coulee  I’umpinp  Plant.  Other 
pumped-st orape  jiroiects  currontl)'  beinp  studied  arc  discussed 
in  t!ie  ]nim]icd-storape  portion  of  il>'droe  lect  ri  c Resources. 


tlene  nit  i ii^_  Rose  rves 

In  ortier  to  jirovide  the  li  i pli  <|uality  electric  service 
that  customers  exju'ct , tlie  electric  jiowcr  systems  must  maintain 
i>r  havi'  access  to  more  pener.atinp  cajiacity  than  their  estimated 
pi'ak  loail.  ihis  i-eserve  peneratinp  capacity  must  lie  provided 
to  meet  three  I'eipu  rements : (1)  unscheduled  or  forced  outages, 

(2)  sclieduled  out.apes  for  general  maintenance  and  repair,  and 
(.i)  contingencies  for  unanticipated  load  growth.  The  amount  of 
generating  reserve  necessar>'  to  satisf>’  these  retiui  rements  varies 
witlel)-  from  system  to  sx'stem  depending  on  system  size;  tlie  types, 
sizes,  and  age  of  generating  units  in  the  system;  maintenance 
requ i riaiients  ; number  and  capacit)’  of  interconnections  with  other 
systems;  etc.  The  load- resource  analyses  shown  on  tables  59  and 
■10  include  allowances  of  about  1.5  jicrcent  of  tiie  thermal  capacity 
recpii rements  as  an  energy  reserve.  An  allowance  of  12  percent 
was  added  to  the  forecasted  neat  load  to  provide  tlie  other  reserve 
requi  rements  cited  ,ab(>ve. 
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Svs  t om  Coord i nat i on 


The  systoiii  power  regulation  studies  wliidi  have  been  made  to 
determine  the  load-carry i nj^  capability  of  the  Pacific  NortliKcst 
System  assumed  that  the  operation  of  all  projects,  including;  thermal, 
will  be  fully  coordinated  and  will  take  full  advantage  of  diversi- 
ties in  streamfloKS  and  loads  to  |iroduce  maximum  benefits  consistent 
Kith  other  water  uses  such  as  irrigation,  navigation,  flood  control, 
recreation,  water  cpialit)-,  fish  and  w i hi  1 i f e , etc.  It  is  assumed 
that  the  capacity  of  the  transmission  system  will  be  adecjuatc  to 
convey  electric  energy  from  the  various  plants  to  the  load  centers. 
1-urther,  it  has  been  assumed  th.it  there  will  be  interconnections 
between  the  numerous  electric  utilities  to  permit  flexible  power 
exclianges  among  the  utilities  and  thereb\-  avoid  spilling  of  usable 
water  because  of  the  inability  of  a particular  utility  to  store 
excess  water  for  later  use. 

Several  organizations  have  been  formed  by  the  utilities  and 
power  producers  to  promote  regional  and  interregional  coordination. 
Most  important  are  the  Northwest  Power  I’ool,  tlie  Pacific  Northwest 
Coordination  Agreement,  and  the  Western  Systems  Coordinating 
Council,  discussed  earlier  under  Present  Situation. 


SvsteP’  I’orf'nrniatu  r 


Ihe  way  in  wh  i c(\  ttie  pow/or  yriu  rat  i tij’.  systotv  will  perf'ortn 
iiiidor  ditlercnt  load  conditions  can  In-  a-aa  rtaincd  from  tlte  seasonal 
anil  weekly  streamflowi  rejjiilation  stiidic..  Aw  system  performance 
has  a major  effect  oti  tlie  staRinjj  of  i|(<  i r i ( power  resources,  some 
of  the  major  system  characteristics  are  <1  i aii  .a  <1  below. 

I lydroiiowe r forms  the  hackhone  of  tin  region's  [tower  [jenerat- 
ing  system,  and  will,  because  of  its  flexibility,  continue  to  [ilay 
an  important  role  in  the  future  when  the  niajority  of  the  load  will 
be  carried  by  thermal.  In  makinp  a loa<l- resource  analysis,  the 
first  step  is  to  determine  the  load-carry  i np  ea[)abiliiy  of  the 
hydro  system.  Once  this  is  done,  the  mapnitud'-  of  th(>  requirements 
tor  the  other  types  of  nower  resources  can  readily  be  determined. 

The  difference  between  the  projected  enerpy  load  and  the  load- 
carryinp  capability  of  the  hydro  system  is  the  enerpy  "deficit"  of 
the  system,  that  part  of  the  load  which  must  be  carried  by  base 
load  thermal  plants.  In  the  early  years,  this  combination  of 
conventional  hydro  and  base  load  thermal  will  be  capable  of 
cairyinp  the  entire  peak  load  as  well.  But,  by  about  the  year 
dOlU' , when  all  of  the  feasible  hydro  will  have  been  constructed,  a 
deficit  will  develop,  which  will  be  met  by  pumped  storape,  pas 
turbines,  or  other  pcakinp  plants.  The  amount  of  addition.al 
pcakinp  capability  required  is  the  difference  between  the  projected 
[leak  load  and  the  sum  of  the  hydro  pcakinp  capability  and  the  base 
load  thermal  canacitv. 


llyjlroe  lect  r i c Resource  Analysis 

The  basis  of  the  hydro  resource  .inalysis  is  the  seasonal 
system  repulation  study,  which  simulates  the  operation  of  the  system 
of  [irojects  on  ;i  monthly  basis  throuph  a .lO-year  historical 
seijuence  of  strcamflows  (duly  IBJS  throuph  dune  lilS8)  . By 
rcpulatinp  system  storape  throuph  ,i0  years  of  strcamflows,  it  is 
[lossible  to  obtain  a pood  nicture  of  how  the  system  will  [lerform 
under  the  wiile  variation  in  streamflow  patterns  which  could  be 
encountered  in  actual  operation.  [■rom  the  repulation  study  several 
im[iortant  [larameters  arc  obtained:  averape  annual  enerpy,  prime 

enerpy,  and  dependable  ca|iacity,  both  for  the  system  and  for 

iiulividu.al  projects.  The  averape  annual  enerpy  is  the  averape  | 

enerpy  pencrated  durinp  the  .A(iO-month  study  period  while  v.ilues 

which  actually  define  the  hydro  system's  dependable  output,  [irime  i 

enerpy,  and  de[icndablc  capacity  are  related  to  the  critical  period 
and  ;ire  defirud  later. 

In  makinp  the  hydro  system  repulation,  hydro  resources  are 
divided  into  two  catepories:  (1)  the  coordinated  Columbia  Ri\er 

hydro  system  and  (2)  the  independent  resources.  flu-  former  is  the 
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-^ystom  of  storapi'  and  run -of- r i vo  r plants  located  on  the  Coliimhia 
Ri\er  and  major  t r ilnit ar i es  . whose  operation  is  closelv  coordinated, 
both  hydrau  1 i ca  1 Iv  and  electrically,  on  a seasonal  basis.  Iliis 
--ystem  forms  the  hulk  of  the  rcftion's  hydroelectric  capability, 
rhe  indepetuient  resources  are  the  remain inp  hydroplants  in  the 
repion,  mostl\'  sm.aller,  which  are  located  such  th.it  their  operation 
has  little  effect  on  tlie  repulation  of  the  foordinated  Columbia 
l\i\er  .System.  'lost  of  them  .are  located  in  three  pcneral  areas: 

(1)  the  lIpjH-r  Snake.  (J)  tributaries  of  the  Columbia  below 
Bonneville,  and  (.S)  I’upet  Sound  area  and  coastal  streams.  .Mthoup.h 
not  connected  liyd  ran  1 i ca  1 1 v , the  o|'er;ition  of  these  projects  is 
closels’  coordinated  (.•  1 ect  r i c.i  I 1 y with  the  Columbia  River  system. 


1 ndependen t llyd roe  1 ec t ric  Resources 

The  capab i 1 i t i I's  (it'  the  independent  resources  have  been 
determined  for  different  levels  throiicli  a s[U'ci  il  repulation  study 
undertaien  In  the  I'ower  I l.inninp  Committee  of  the  Pacific  Northwest 
Rivet  Basins  I'.omm.  i ss.  i on  . I - ' t lliis  reptilation  study  was  conducted 
iisinp  the  same  \-e,irs  ot  historical  stre.amflow  dat.i  ;ind  usinp  the 
s.ime  peiier.al  .issumpt  i ons  ;is  .u-e  discussed  below  for  the  coordinated 
Columbia  River  system.  ihe  sindv  lists  the  performance  of  projiosed 
independent  hydro  projects  .is  well  ;is  the  e.xistinp  ones.  In  makinp 
the  hydro  resource  .in.i  l\s  i s foi-  the  tlolunbi  a-North  Pacific  study, 
systems  of  inde[iendent  projeits  were  .assumed  for  the  different 
levels  of  development,  .and  the  enerpy  and  capacity  values  summ.arized 
for  each  month.  Ihese  t.alues  were  tlien  subtracted  from  the  repional 
load  estimates  ftable  le.uinp  the  residu.al  load  wliich  must  be 

c.irried  b\'  the  coordin.a’ed  ('olurbia  Ri\’er  system  and  the  tlierm.il 
re  sou  rce  s . 


Ihe  (in  t j_c  a I Pe  r i oi[ 

The  key  to  the  determination  of  the  load-carryinp  capability 
of  the  hydro  system  is  the  critical  period.  The  critical  period  is 
the  most  adverse  si'ijiience  of  stre.amflows  th.it  occurred  durinp  the 
l'.>28- I'.l.SK  period  and  as  such  defines  the  system's  pri  me  enerpy  and 
dependable  cipacity,  the  ma.vimum  enerp>  and  capacity  that  the  hydro 
system  can  le  depended  upon  to  carry  under  these  e.xtreme  conditions 

In  a lonp-term  sequence  of  flows  such  as  the  .'sO-year  period 
heinp  studied,  there  .are  usually  sever. il  different  .adverse  flow 
sequences.  The  sequence  of  flows  that  is  the  pwwt  adverse  depends 
on  tile  amount  of  storape  available  to  aupment  the  low  natural  flows 
(thereby  increasinp  system  enerpy  carryinp  capability).  Kith  the 
■amount  of  storape  present  Iv  in  the  Columbi.a  River  hydro  system,  the 
critical  period  is  based  on  the  B-l/2  month  seipience  of  flows  that 
occurred  durinp  the  fall  and  winter  of  I'.TSb-.^?.  Dependinp  on  the 
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stiu'iiu  1 i nj;  oi  the  fillinj’  of  the  liltin’,  'lio.'i,  ;iiui  Dworshak  storage 
rvo  i rs  nou  miilor  ci'ii-- 1 riK’t  i on  , t lu'  JO- I / J-nionth  critical 
I'crioil  Ifi  may  ilcfinc  system  capahility  for  1 or  J years. 

IU'\M’\’ei’,  once  these  three  ri'st’ rvoi  rs  are  all  in  operation,  system 
capability  vcill  hi  lUtinei!  by  the  multiyear  critical  stixamfloii 
perioil  ol  1.^  months  extenilinj;  from  \u>;ust  lOJH  through  lehruarv 
I'.l.iJ.  While  It  IS  possihli'  that  moi'e  ailversi-  conditions  could 
occur,  a cursory  stiuh’  ot  historical  streamf  lou  data  hack  to  1878 
has  shoMi  that  thi'  l.t-month  critical  perioil  occurring  in  this 
.sti-vear  [teriod  is  the  worst  in  recorded  history;  and,  therefore. 

It  is  telt  that  the  lOJK-.IS  I'eiiod  of  analysis  is  adi-puate  for 
determining,  system  capability. 

'■'ori’  spin  I I'i  ca  1 I >• , tlie  iritical  [leriod  is  the  sequence  of 
months  wherein  all  n'se  ri-o  i r storacn-  is  released  to  raxirize  hedro 
system  ene  ri!>- - car  rv  1 lu’  capahiliti-.  Thus,  by  ihfinition,  the 
critical  pi'iiod  starts  .at  a ['oiiit  in  time  when,  due  to  adeuu.ite 
runoff  in  preceding  months,  all  reservoirs  in  the  systeii  are  full, 
liuring  till'  t'ollowini;  months  of  adverse  strea.nflow.  tlu  system  is 
rejtulated  in  such  a manner  that  the  load  can  be  net  usiny  a rinimum 
amount  of  tlurmal  j^interat  i on . Hie  end  of  tin-  critical  nerioil  is 
di’fined  as  the  [loint  in  time  at  which  all  reservoirs  in  the  system 
are  empt>’  (succeediiu!  historical  flows  beiii);  sufficient  to 
eventually  refill  the  reservoirs). 

Ihe  ati-raite  hvdro  veneration  Juriny  the  critic.il  ]U' r i od  is 
identit'ied  as  the  systii”  prime  enera>’.  The  ninimiim  ]ie:ikinc  caiia- 
h i 1 i t > ol'  the  s\'-tem  me.isured  .igainst  the  month  of  maximum  peakinp 
ilemand  defines  thi-  systi-m's  dependable  capaciti'.  This  month 
usual  1\’  occurs  .it  or  near  the  end  of  the  critical  period. 


'lonthly  nperation  I'uriti)’  the  ( ritical  I'e  r i od 

lor  I'.'SO  level  ot'  diuelopmenl  and  on  throiiph  the  i',arl>’  part 
ot'  the  I'.lOO's,  the  1 oad  • I a rr\- 1 ny  ca[Mbilit\'  (f'rime  enerp\’  and 
ilepi’iidable  capacit>i  of  the  (ailiimbi.i  Kiver  h\dro  system  will  he 
ill  termined  on  the  basis  of  the  -l.s-month  critical  streamflow  jU'riiHl. 
In  est  ah  1 1 sh  1 ny  the  basic  resir\(>ir  ruli-  (operating)  ciirxes,  power 
n-pulation  studies  were  made  of  the  critical  streamflow  ]H‘riod.  in 
which  all  available  powir  storape  wis  drafted  in  a manner  to 
produce  the  maximum  jiossible  hvdro  system  prime  power  wh  i le  at  the 
same  t i mi-  serving  all  hipher  prioritv  nonjuiwer  water  recpi  i ri'ment  s 
and  operatinp  consistent  with  system  constraints.  lliuler  the  19S(' 
conditions  wturi'  maximization  of  hydroenerpy  is  the  main  considera- 
tion, these  critical  period  power  repulation  studies  determine  the 
firm  eiierpy  load-carry  i ny  capability  of  the  Pacific  .Northwest 
Coord  i n, it  cd  System  and  of  each  i nt  e rconnect  eil  system.  hv  necessiti’, 
iipplemi'ntal  studies  must  be  performed  annually  to  reflect  increased 
unanticipated  loads,  revised  maintenance  schedules,  delavs.  or 
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lo  r.it  i on-^  in  lunv  or  .uiilitional  rosnurces  schotln  leil , retirements, 
iiK'reaseil  inij^ation  tlep  1 et  i ons  , and  other  consumptive  losses,  etc. 

lltuler  U>80  conditions,  where  ma,ximi  zat  i on  of  hvdroenerf.’y  is 
the  prime  objective,  tiu'  vlrafting  of  larjie  amounts  of  storage 
reduces  the  head  at  tl\e  stoi’age  projects,  resulting  in  decreased 
I'caking  capal'i  1 i t>- . It  is  expected  that  in  the  early  l!)!)0's,  all 
of  the  generators  jilanned  for  the  major  h\'droe  lect  ri  c projects  will 
have  been  installed  to  nu'et  pe.ak  load  reeju  i remen  t s . Therefore,  in 
order  to  obtain  additional  [leaking  capability  at  the  least  cost 
under  ye.ir  20()()  aiul  JOJO  conditions,  reservoirs  will  be  regulated 
to  m.iximize  [leaking  capali  i 1 i t>'  r.ither  than  hydroenergy.  This 
o[ieration  is  justificil  liecaiise  sufficient  thermal  ca[iacity  will  be 
.available  by  then  to  c.irri’  the  m.ajority  of  the  liase  load  energy 
requirements.  St  I'e.amf  1 ow  regulation  stiulies  will  establish  the 
extent  that  stor.age  c.an  lie  withdrawn  at  each  reservoir,  recognizing 
all  higher  [iriorit>'  recpi  i i-ement  s and  cc'nstraints  and  still  maintain- 
ing maximum  ca[iability  to  serve  the  system  peak  lo.ad  in  danuary. 

Under  2000  and  202('  coiulitions,  with  hydro[il;ints  being 
primarily  regulated  for  [le.aking  inste.ad  of  firm  energv  production, 
o[ieration  of  tlie  reservoirs  will  be  uiulertaken  on  an  .annual  basis 
.and  the  critic.al  period  will  no  longer  h.ave  significance. 


Monthly  ()[ieration  with  I. on  g- Tern  St  reamf  1 ows 

As  discussed  .above,  tlie  punle  of  hv'ii  roe  lect  r i c system 
oper.ation  will  ch.ange  .as  the  pe.ak  load  requ  i I'ement  s exceed  the 
aval  labi  1 i t\-  for  installing  .ulditional  liydrocapac  i ty  . Under  1080 
conditions,  where  maximization  of  hydroenergy  is  the  main  consid- 
er.ation,  it  will  be  necessary  to  develo[i  two  sets  of  rule  curves 
for  each  reservoir  as  a part  of  the  coordinated  system.  The  first 
set  will  be  designed  to  protect  the  firm  energy  load-carrving 
ciqiability.  that  iw,  to  insure  th.at  reservoir  wi  thdr.aw.a  Is  will  be 
apportioned  in  such  .a  manner  tli.at  sliould  critical  streamflows  occur, 
the  firm  energy  load-c.arry  i ng  ca[i,ability  will  be  maintained  through- 
out the  period.  A second  set,  developed  on  the  basis  of  long-term 
streamflows  will  lie  designed  to  protect  the  storage  refill  aliility 
of  the  reservoirs.  Under  conditions  representative  of  years  2000 
.and  beyond,  where  the  m.ax  i m i z.at  i on  of  [le.ak  load-carrving  capability 
is  the  main  consideration,  laile  curves  will  be  designed  so  tliat 
m.aximum  turbine  out[iut  would  be  .avail.able  for  the  critical  mid- 
winter peaking  period.  Rule  curves  from  mid-. January  through  the 
flood  season  would  be  based  on  v.ariable  refill  curves  forecasting 
[irobable  inflows  and  simulated  i.laily  flood  regulation  studies. 
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Ihurnia  1 Hasp-  l.oai.1  I’lant  Opc-rat  i on 

In  makiiu:  this  study  it  was  assnmoii  that  the  thermal  plants 
used  in  meeting  h.ase-loail  ih'manils  would  he  plants  desijjned  to 
operate  most  efficiently  on  a continuous  basis.  I'or  purposes  of 
determining;  c.ipahi  1 i t \'  in  meeting  system  enerj;y  re<)ui  rements , it 
is  j;enerally  assumed  th.it  these  pl.ints  will  operate  at  an 
85  percent  pl.int  factor  t ('  .allow  for  forceil  outages,  ma  Lnten.ance , 
etc.  It  is  .also  .assiinu'd  that  full  r.ated  cap.acity  will  he 
de]iendahle  lor  meetinj;  cri'^ic.al  period  peakinj;  retpii  rements . 

In  most  years  there  is  sufficient  water  to  permit  hydro- 
plants to  geiU'iMte  cons  i de r.ah  le  enery;y  in  e.xcess  of  the  hydro 
s\’stem  prime  energ)  . It  i s,  therefore  , assumed  that  this  secondary 
hyd roene rj;\'  will  he  used  fc;r  the  re|ilacement  of  thermal  enerj;y  and 
that  when  second.ary  enerpy  is  avail, able  the  thermal  plants  will  he 
shut  down  in  order  of  decre.asing  energy  (fuel)  costs.  The  effect 
this  has  cjii  thermal  jilant  operation  is  shown  on  figure  17.  As 
might  In  e.xiiected,  then'  .are  cert.ain  jiroblems  associated  with  the 
assumed  operation,  ,aiul  .actu.al  oper.at  i on.a  1 experience  will  have  to 
he  obtained  hefon-  its  ]i  ract  i cah  i 1 i t >'  c.an  he  ascertained.  Ilowex’er, 
in  the  light  of  pure  (.'conomic  considerations  and  the  fact  that 
present  i nterut  i 1 i t>’  planning  and  contractual  agreements  are 
current  1>-  ['rocceding  on  this  h.asis,  it  is  felt  that  this  assumption 
is  \ .a  1 i d . 


I’e.aking  I’l.int  Oneration 

B\-  the  l‘.)‘.>0's,  when  all  of  the  conventional  hydro  peakine 
capacity  has  been  inst.allc'd,  there  will  he  a neeil  for  addition.al 
capacit)'  to  liandle  tiu'  increasinu  peak  load.  As  discussed  e.arlier, 
a nunher  of  alternatives  ,are  .a\-.ai  l;ih  le , including  pumiu'd  storage, 
h.ach  , hy  the  nature  of  its  oper.ation,  is  particularly  suitetl  for 
c.'irrying  a specific  put  of  the  jieak  lo.ad.  However,  it  is 
i mp  r.'ict  i ca  1 to  attempt  to  .allocate  the  peak  loail  among  these 
alternatives  .50  to  50  \a.',ars  in  ,'idvance.  Inste.'id,  it  was  considered 
ade(|u,ate  just  to  ideiitif)  the  magnitude  of  the  cap.acit\'  deficit  .and 
to  .assumi'  that  it  wi  11  lu‘  allocateil  .ap|iropr  i at  e ly  among  the 
.1 1 1 r mat  i ves  . 


Month  1 S'  Ojie  r.'it  i on  in  Week  h'  Load  Hyde 

lilectric  pciwer  conditions  ;ire  continually  changing.  In  the 
Pacific  Northwest  (ioord  i nateil  .System,  where  a number  of  plants, 
therm.al  ;is  well  as  hydro,  will  he  involved,  we  1 1 -ha  1 anced  guide 
pl.'ins  t'or  .alloc.'ition  of  plant  loadings  are  essenti.-il.  These  guisle 
plans  will  incliuk'  il.aily  .ind  weekly,  as  well  as  se;isonal  plans. 

The  load  allocation  [ilans  should  he  flexihli'  enough  so  that  each 
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iiulividual  plant  loadinyi  can  lie  changed  as  necessary  to  obtain  the 
maximum  coordinated  system  generation,  lixtensive  fluctuation  of 
hydroplant  loadings  and  low  load  factor  operation  results  in  higher 
tailwater  elevation  .and,  therefore,  reduced  he.ad  at  the  time  of 
maximum  loading.  This  type  of  operation  results  in  less  generation 
at  higher  heads  during  the  night  .and  more  generation  at  lower  heads 
during  the  daytime.  This  combination  in  turn  me.ans  less  total 
generation  from  a given  amount  of  water  than  would  be  obtained  by 
a more  uniform  operation  throughout  the  day  or  the  week.  Further- 
more, extreme  fluctuations  may  have  adverse  effects  on  nonpower 
water  uses  such  .as  recreation  and  fish  .and  wildlife.  niese  adverse 
effects  may  be  more  significant  at  some  times  of  the  year  th;in  at 
others.  However,  fluctuation  of  the  loads  to  be  carried  by  thermal 
plants  increases  unit  jiroduction  costs,  lixtensive  fluctuations  of 
thermal  units  not  only  reduces  thermal  plant  efficiencies  but  may 
require  spinning  st.andby  capacity  at  night,  all  of  which  increases 
the  total  system  production  costs.  lixtensive  and  continuing 
studies  based  upon  accumulative  experience  will  be  necessary  to 
obtain  the  most  practical  system  as  a whole  within  the  established 
const  ra i nt  s . 

It  can  be  seen  that  the  additional  hydro  included  in  Plan  A 
would  not  have  a very  great  effect  in  reducing  the  base-lo.ad  thermal 
requirements,  but  would  have  a significant  effect  on  the  pumped 
storage  or  therm.al  peaking  cap.acity  retpii  rements . 

Figure  17  shows  graphically  the  results  of  a 30-year 
regulation  study  .at  the  1980  level.  Miile  this  study  was  not  one 
of  those  finally  adopted  for  this  report,  it  is  typical  and 
illustrates  the  gradual  pulling  down  of  the  system  reservoirs  ov'r 
the  course  of  the  August  1928  through  February  1952  critical  period 
.as  well  as  the  large  block  of  thermal  energy  recpiired  to  meet 
system  loads  during  the  critical  period. 

S ummary  of  Re so 1 1 rces 

In  order  to  present  as  wide  .a  r.aiige  of  hydro-thermal 
system  combinations  as  possible,  load- resource  analyses  were  made 
for  two  different  systems.  Plan  A is  the  maximum  hydro  system  and 
includes  all  of  the  hydro  projects  discussed  in  the  hydroelectric 
resources  inventory  except  for  Penny  Cliffs,  which  is  locatetl  on 
.an  est.ablished  Wild  River.  The  c.apab  i 1 i t ies  of  the  hydro  projects 
at  each  level  are  listed  on  table  37  and  the  load- resource  analyses 
summarized  on  table  39.  Plan  B is  the  minimum  hydro  system  and 
includes  only  hydro  projects  which  are  now  existing  or  under 
construction.  As  with  Pl.an  A,  it  includes  all  authorized  and 
licensed  additions  to  existing  and  under  construction  jirojects. 

The  capabilities  of  the  Pl.an  B hydro  projects  are  listed  on 
t.able  38  .and  the  load-resources  analyses  on  t.able  40. 
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I.it'U'  .VI  - load  Kc"ioorci-  .\nalvsis:  I’liin  \i' , ColiimlM.i-North  I’acilic  Rotjion 
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for  subregions  o .mJ  11  from  the  respective  lype  2 stuilies. 

•]  I'ata  derived  from  I'acific  Northwest  lltilitv  Conference  Committee  hest  Croup  lorecast 
cst imat  es . 

S/  I rom  table  22. 

c,  I ner>;>'  reserves  tor  IPSO  based  on  one-half  year’s  utility  load  growth. 

2^/  fifteen  perci'nt  ot  t.he  recpu  retl  tlu-rmal  capability  (includinji  imported  thermal). 
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Pumped  storage,  turt'ines,  or  otfier  peaking  resources. 

!£/  Surplus  cafubility  resulting  from  import  ot  thermal  energy. 

The  Independent  Resources  are  not  listed  individually  in 
the  hydro  resource  tables.  For  Plan  B,  the  Independent  Resource 
category  contains  essentially  the  projects  listed  in  tables  49, 

50,  and  51.  ITic  Plan  A Independent  Resources  include,  in  addition, 
the  hydro  projects  listed  in  the  potential  hydroelectric  resources 
inventory  for  Subregions  2,  4,  5,  7,  8,  9,  10,  and  11.  For 
further  information  on  the  capabilities  of  the  majority  of  these 
projects,  reference  should  be  made  to  the  Independent  Resources 
Study. (23) 

The  two  plans  present  the  two  extremes  in  the  development 
of  the  region's  hydro  potential.  In  trying  to  forecast  what  will 
actually  happen,  it  is  perhaps  most  reasonable  to  assume  that  the 
actual  hydro  development  will  take  place  at  a level  somewhere 
between  the  two  extremes.  Such  a modified  forecast  can  be 
anticipated  particularly  in  the  early  years.  Loads  and  resources 
shown  for  1980  on  the  t.ables  are,  therefore,  those  which  are 
currently  being  used  in  the  region  for  programming.  They  were 
arrived  at  cooperatively  by  the  operating  entities  but  modified  by 
events  which  took  place  between  cooperative  preparation  in 
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Tabh‘  40  - Load- Hesourct'  Analysis;  Plan  lll\  Columbia-North  Pacific  HcK>on 
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V Same  population  forecasts  as  above  for  10  of  tlu'  IJ  subrejjions;  population  forecasts  for 
Subregions  y and  11  from  the  respective  lype  studies. 

4;  Data  derived  from  Pacific  Northwest  Utility  Conference  (Committee  West  Croup  forecast 
est imates . 

S/  from  table  22. 

6/  I nerg>  reserves  for  1980  based  on  one-half  yeiir’s  utility  load  growth. 

**/  fifteen  percent  of  the  required  thermal  c.ipaf' i 1 1 1 y (including  imported  thermal). 

Based  on  12  percent  of  load.  Reserves  for  1080  comjnited  using  f’acific  Nortliwest 
Coord i nat ion  Agreement  probal'  i 1 1 ty  ana  lysis  formula . 

9/  Pumped-storage , gas  turbines,  or  other  peaking  resources. 

January  1970  and  preparation  of  the  tables.  These  loads  and 
resources  are  for  the  West  Group  area  which  excludes  much  of  Idaho 
and  western  Montana  and,  therefore,  are  not  in  complete  continuity 
with  loads  and  resources  shown  for  2000  and  2020  on  tables  37  and 
38. 


PROJECTED  TRANSMISSION  FACILITIES 

Providing  sufficient  rights-of-way  for  the  transmission  of 
large  amounts  of  power  presents  one  of  the  biggest  problems  in 
meeting  power  loads  of  the  Columbia-North  Pacific  Region  by  the 
year  2000  and  beyond.  This  will  be  particularly  true  for  the 
movement  of  power  from  the  area  east  of  the  Cascade  Mountains  to 
the  load  centers  west  of  these  mountains.  The  major  share  of  the 
region's  power  requirements  is  concentrated  in  the  large  population 
centers  of  the  Pacific  slope.  This  situation  is  expected  to 
continue  throughout  the  period  of  this  study.  A peak  load  of 
13,000  megawatts  in  1965  is  shown  in  table  10.  Table  23  estimates 
that  this  load  will  grow  to  84,800  by  2000,  and  to  191,700  megawatts 
by  2020.  Local  thermal  generation  will  meet  most  of  this  increase. 
However,  large-block,  extra-high  voltage  power  transmission  from 
other  areas  will  probably  supply  the  remainder. 
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By  I'B.Xl  (fisuri-  18,  I’owor  Supply  arul  Load  Areas  and 
iransnii  ss  i on  Routes),  when  essentially  all  of  the  feasible  hydro 
sites  in  the  Northwest  will  liave  been  tieveloped,  loads  will  have 
grown  to  more  than  triple  1R70  levels.  This  will  recpiire 
additional  transmission  capacity  of  more  than  twice  that 
constructed  during  the  previous  25  years. 
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Although  the  future  jteriods  of  1980,  2000,  and  2020  are 
examined  in  this  frami'work  study,  the  transmission  stiuly  was  made 
for  the  perioils  1070  ,ind  1000.  The  analysis  for  1070  is  indicative 
of  the  existing  system,  while  1000  represents  the  limit  in  time 
which  iiower  utilities  h.ave  been  willing  to  consider  for  transmission 
p 1 an  n i n g . 

luture  transmission  lines  must  have  markedly  greater  power 
transcapacities  [ier  right-of-way  to  reduce  their  impact  on  land  use 
ami  to  remain  within  the  limits  of  available  rights-of-way. 
Incre.ising  transmission  voltage  levels  provide  one  metliod  of 
accomji  1 i sh  i ng  this,  since  line  capacity  increases  a]iproximately  as 
the  sipiare  of  the  voltage. 

At  present,  with  an  essentially  all-hytlro  system,  ap|iroxi- 
mately  three-fourths  of  the  electric  ]iower  retpiired  for  the  I’acific 
slope  is  transmitteil  from  hydroelectric  generation  sources  east  of 
thc>  (iascades.  As  the  transition  to  a therma  1 -e  lect  ri  c base 
progresses,  thermal  plants  located  within  or  aiijacent  to  the  load 
centers  will  meet  more  and  more  of  the  area's  loail  recpi  i rements . 
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graphs  show  the  cons  i ilorah  Ic  increase  in  transmission  capacity  [)er 
circuit,  which  can  he  effected  through  use  of’  ttie  higher  voltages 


with  only  a proportionately  small 
Analysis  of  the  data  given  results 
reflects  these  increases  in  terms 
right-of-way  width. 
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A study  has  been  made  which  shows  that  it  would  he  desirable 
to  replace  some  of  the  existing  115-  and  250-kilovolt  lines  with 
500-  or  700-kilovolt  circuits,  utilizing  the  same  general  right-of- 
way  which  would  result  in  reducing  the  need  for  new  right-of-way. 

The  most  important  aspect  of  this  line  replacement  study  is 
that  of  replacing  existing  transmountain  lines  with  these  much 
higher  capacity  circuits.  This  will  increase  east-west  transmission 
capability  markedly  without  the  need  for  developing  new  rights-of- 
way  through  the  mountains.  The  present  east -west  capability  of 
approximately  8,000  megawatts  co\ild  be  increased  upward  to  about 
55,000  megawatts  in  this  way. 

Whatever  future  land  recpii rements  may  develop,  the  need  for 
careful  placement  of  transmission  corridors  in  respect  to  other 
forms  of  land  use  will  continue.  Planners  will  route  transmission 
lines  through  areas  so  as  to  result  in  the  least  conflict  with 
other  land  uses.  I'arm  or  pasture  lands,  brush  areas,  etc.,  often 
adapt  well  for  transmission  line  use  with  minimum  conflict.  Also, 
transmission  line  planners  should  consider  the  esthetic  distrac- 
tion of  line  locations  in  cert  ii  are.is  and  avoid  public  recreation 
areas,  main  highway  routes,  or  wilderness-type  vista  areas  where 
poss i b le . 

By  1980,  there  will  be  in  operation  some  5,500  circuit  miles 
of  500-kilovolt  (or  above)  lines  in  the  study  area.  Many  of  these 
lines  will  interconnect  the  major  hydroelectric  generating  plants 
and  deliver  their  outputs  to  the  West  Coast  load  centers.  Others 
will  be  North-.South  integrating  lines,  interconnecting  the  load 
centers,  their  primary  purpose  being  to  provide  continuity  of 
service.  A number  of  the  new  lines  will  be  routed  over  existing 
rights-of-way  presently  occupied  by  115-  and  250-kilovolt  lines 
which  will  be  retired. 
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Wliile  ri-p  1 .icomc'nt  of  ('xisting  lines  with  h i ghcr-vo  1 tage  , 
h i Kl'i-T-capac  i t y lines  will  hel|)  limit  new  r i fjht -of-way  rc<|ui  rements, 
continual  ly  inereasinj;  [lower  needs  in  the  major  load  centers  of  the 
Pacific  slope  will  re(piire  still  more  transmission  capacity  between 
the  large  generating  comjilexes  east  of  the  (Cascades  and  these  areas 
west  ot  the  (iascades.  h>-  the  fall  of  1970,  four  500-k i 1 ovo  1 1 
transmountain  lines  will  interconnect  these  generating  jilants  and 
loatl  areas,  in  addition  to  the  existing  2o0-,  287-,  and  -k  i 1 ovo  1 1 
system.  However,  the  long-range  t)ut look  indicates  the  need  for 
aikied  circuits  with  greater  capacities  than  will  he  provided  by 
single-circuit  ."lOO-k  i 1 ovol  t lines,  (ilearly,  other  measures  for 
providing  the  necessary  transmission  capacity  are  required,  such 
.IS  going  to  higher  volt.iges,  douh  le- c i rcu  i t construction,  or  even 
de\’cloping  new  methoils  of  electric  power  transmission. 


Resea rcli  and  Development 


\’oltage  bevels  above  SOO-K  i 1 o\o  1 ts 


One  alternative  umler  serious  stiuly  is  that  of  voltage 
levels  in  excess  of  500-kilovolts.  .Several  i’OO-k  i lovol  t class 
lines  are  in  operation  or  under  construction  at  the  present  time 
in  this  anil  other  countries.  Since  a 700-kilovolt  line  has  approxi- 
mately twice  the  capacity  of  a 500-kilovolt  line,  use  of  this 
voltage  level  as  an  overlay  to  the  extensive  500-kilovolt  grid 
being  develojied  would  reduce  the  number  of  circuits  required  and 
the  impact  on  land  use  in  tlie  study  area. 

One  r.itlier  |iromising  method  of  increasing  transmission 
capacity  is  to  employ  double-circuit  700-kilovolt  construction  for 
the  new  transmountain  lines.  .\  douh le -c i rcu i t 700-kilovolt  line 
can  he  designed  for  a r i ght -of-wa\-  width  the  same  as,  or  slightly 
greater,  than  those  occupied  by  existing  2.50-kilovolt  t ransmount  ;i  i n 
lines.  The  2.50-kilovolt  line  could  he  replaced  by  the  higher- 
capacity  line  with  a resultant  1.5-  to  20-foId  increase  in 
transmission  capaciti',  from  250-.500  megawatts  to  in  the  order  of 
5,000  megawatts. 

Studies  are  also  progressing  on  1,000  kilovolt  t r.insmi  ss  i on 
facilities.  A 1,000-kilovolt  line  has  approximately  four  times  the 
capacity  of  a 500-kilovolt  line  and  about  the  same  capacity  as  a 
double-circuit  700-kilovolt  line. 

However,  reliability  considerations  dictate  an  orderly 
strengthening  of  the  system  (for  the  Columbia-North  Pacific  Region 
at  500-kilovolts)  before  going  to  the  higher  voltage.  The  higher 
the  line  capacity,  the  greater  the  siiock  to  the  system  when  that 
line  is  lost  due  to  a short  circuit  or  some  other  contingency. 


Unde  r ground  Cah 1 c 


The  layinp  of  underground  cable  on  existing  rights-of-way 
presents  another  methoil  of  increasing  the  transmission  capacity  per 
right-of-way.  Technically,  this  is  feasible  hut  at  present  is 
prohibitively  expensive,  in  the  order  of  10-2.S  times  as  costly  per 
kilowatt  of  iiower  t r;insm  i 1 1 eil  as  standard  overhead  lines.  Research 
continues,  however,  since  in  certain  areas--such  as  large 
metropolitan  centers,  underground  transmission  is  the  only 
.acceptable  method.  Here,  transmission  tlistances  arc  short,  .and 
the  incre.ased  costs  have  much  loss  impact  than  a lOO-.’^OO  mi  Ic 
transmission  dist.ance  would  impose. 


Hi rect -Current  Transmi ss i on 


Hi rect -current  transmission  may  be  employed  for  large-block 
power  transfers  within  the  Pacific  Northwest  in  future  years.  .\t 
the  present  time,  di rect -current  can  compete  economically  with 
alternating-current  transmission  only  when  distances  arc  greater 
than  approximately  500  miles  for  overhead  lines  and  .50-60  miles 
for  underground  cables.  Hi rect -current  terminals  arc  quite  complex 
and  costly  when  comp.'ired  with  alternating  current  sulist.ation 
equipment,  but  direct-current  line  costs  are  only  about  two-thirds 
that  of  alteniating  current  because  two  conductors  rather  than 
three  are  required.  The  economic  "crossover  point"  occurs  when 
the  difference  in  line  costs  equals  the  difference  in  terminal 
costs.  Since  the  transmission  distance  in  the  Northwest  from 
point  to  point  for  future  systems  will  be  less  than  .500  miles, 
direct  current  will  not  be  justified,  unless  marked  reductions  in 
terminal  costs  are  effecteil.  Of  course,  if  other  factors  require 
the  use  of  underground  c.ables,  direct-current  could  be  very 
attract i ve . 

Another  factor  which  could  influence  the  use  of  direct- 
current  transmission  is  the  magnitude  of  fault  duties  on  terminal 
e((uipment  as  the  system  grows.  As  alternating-current  facilities 
are  added,  short-circuit  (piantities  increase  with  resultant 
greater  stresses  imposeii  upon  circuit  breakers  and  other  ecpiipment. 
This  could  cause  a r.ather  expensive  ecpiipment  change-out  program. 
Tlie  use  of  di  rect -current  system  additions  would  obviate  this  need, 
since  fault  duties  .are  not  increaseil  by  the  addition  of  direct- 
current  facilities. 


.Superconduct  ing  Tr.ansmi  ss i on 

The  cryogenic  ( atremely  low-temperature)  field  may 
accelerate  the  use  of  direct-current  t r.insmi  ss  i on  with  the 
development  of  superconiluct  i ng  caliles  h.aving  many  times  tlie 
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capacity  of  conventional  lines  or  cables.  By  refrigerating  the 
comluctors  to  temperatures  near  absohite  zero,  a system  can  attain 
an  essentially  lossless  transmission,  allowing  very  high  iiower 
flows  per  circuit.  l.ven  though  the  cost  per  circuit  would  be  b.igh, 
as  would  also  the  reserves  necessar>’,  the  unit  cost  per  kilowatt 
transmitted  could  compare  \er)-  favorabl)'  with  more  con\'eiit  i ona  1 
methods  of  electric  ]H>wer  transmission. 

Research  is  progressing  in  this  ai'ea,  but  thus  far  no  signi- 
t'ic.ant  breakthroughs  have  resulted.  One  interesting  facet  of  this 
program  is  the  goal  of  developing  a m.aterial  which  would  have  super- 
conducting (|ualities  at  normal  tempei’atures . .Success  in  this  effort 
would  revolutionize  the  whole  field  of  ]H)wer  transmission. 

I f f e its  of  I'h e rma  1 1’  1 ;ui t l.ocat  i on 

Thermal  [ilants  should,  in  giuieial,  be  loc.atetl  atljacent  to 
or  near  the  major  load  centers  to  minimize  transmission  costs-- 
both  in  facilities  rei|uired  .and  in  transmission  losses.  Iloweter, 

,1  number  of  other  f.ictors  will  .also  influence  plant  location,  such 
as  env  i ronmiait  ,1 1 , public  acceptance,  aiul  geologic  cons  i ile  r.it  i on  . 

Studies  based  upon  transmission  considerations  .alone  ha\e 
heiai  m.ade  for  determining  the  oiitimum  scheduling  aiul  location  of 
these  [)lants  through  the  ID'.M)  pc-rioil.  Results  indic.ate  that  the 
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propoiuk'ranco  of  tlu-  ttierm.il  plant  additions  up  to  this  timo 
should  ho  looatoil  west  of  the  Cascatlos  and  south  of  the  Pujjct 
Sound  suhroj;ion.  Power  normally  flows  to  the  west  and  south  in 
the  western  portion  of  the  region.  The  Portland  area  is  approxi- 
mately 1(10  miles  farther  from  the  large  mid-(iolumbi  a generating 
complex  than  the  Puget  Sound  subregion.  In  effect,  locating  a 
plant  in  the  Portland  .area  rather  than  in  the  Puget  Sound  area 
would  s.ave  approximately  100  miles  of  transmission  line,  plus 
resultant  line  losses.  Therefore,  from  a transmission  standpoint, 
the  desirable  pattern  of  thermal  pl.ant  locations  would  maintain 
low  North-South  iiower  flows  on  the  coastal  grid.  l.oad  growth  in 
the  Puget  Sound  region  would  be  met  by  a combination  of  local 
thermal  and  addeil  hyilro  installations  in  the  mid-Columbia  area, 
l.oad  growth  south  of  tlie  Puget  Sound  region  would  be  met  primarily 
by  local  thermal  with  some  peaking  supplied  bv  hydro  from  east  of 
the  Cascades.  This  is  illustrated  in  figure  18.  Hi  i s pattern 
would  continue  until  essent  i ,a  1 1 >■  all  of  the  Northwest  hydro  sites 
•are  full>’  developeil,  at  which  time  thermal  plant  siting  would 
follow  load  growth. 

Some  of  the  new  tlu'rmal  i ns  t .a  1 1 at  i ons  will  no  doubt  be 
located  east  of  the  Ci.ascades  for  re.asons  other  than  those  related 
to  transmission  reepi  i rement s , such  as  the  economies  of  scale  in 
developing  large  complexes  .iiu!  gre.ater  public  acceptance  of 
locating  nuclear  [Hants  .aw.ay  t'ror  major  [lopulation  centers.  This 
would  require  .an  earlier  deve  loi'ment  of  incre.ased  transmission 
capaciti’  through  the  mountain  p.asses  .anil  alter  the  distribution 
illustrated  in  figure  18. 


srn  SI, 1.1. CHON  or  mi.KMM.-i.i.icTRic  pi..vnts 

ll.aving  identified  the  required  therma  1 -e  lect  r i c capability 
.at  the  three  t.arget  levels  of  deve  lojiment  , it  is  necessary  to 
locate  this  capaliility  before  its  impact  on  specific  water  supplies 
c.an  be  estim.ated.  The  loc.ations  result  from  tlie  int,erplay  of  many 
tangible  .and  int.angible  factors.  These  include  the  influence  of 
regul.atory  agencies,  .ava  i 1 ab  i 1 i t >'  and  cost  of  land,  site  prepara- 
tion costs,  cost  of  transmission,  as  well  as  availability  of 
cooling  w.ater,  which  is  the  subject  of  principal  concern  for  this 
report.  ,\1 1 these  factors  and  many  others  determine  the  public 
o|iinion  regarding  .a  siti'  selection  which  in  the  end  determines 
whether  a given  site  is  used. 

The  general  i nte  rre  1 .at  i on  between  site  selection  factors 
follows  the  report  Considerations  Affecting  Steam  Power  Plant  Site 
•Selection  (17).  More  specific  information  for  site  selection  has 
been  provided  by  the  report  Nuclear  I'ower  Pl.ant  Siting  in  the 
Pacific  Northwest  (2).  D.at.a  from  these  reports  .are  supplemented 
by  otiier  avai  lable  d.at.a  for  fossil-fuel  fired,  therma  1 -e  lect  ri  c 
plants  where  these  are  more  likely  in  certain  parts  of  the  region. 


Site  l.ocation  I-actors 


riie  siti'  h)cation  (actors  are  discussed  in  further  detail 
in  the  followinjj  sections. 


I r.ansm  i ss  i on 

The  cost  of  [lower  transmission  from  a j’eneratinj;  [ilant  is 
in  m.any  cases  tlte  cost  factor  which  hears  the  y.reatest  relation  to 
location.  Both  the  capital  cost  and  the  thermal  loss  of  the 
line  are  depeiulent  on  distance.  It  follows  then  that  thermal 
)[enerating  [ilants  will  be  located  as  close  to  load  centers  as  other 
d i s t ance- re  1 at  ed  f, actors  will  permit.  .Application  of  this  simple 
rule  is  com|ilicated  by  tlie  fact  th.it  many  new  generating  [ilants  of 
today  are  coo[H'rative  enterprises  designed  to  serve  the  loads  of 
several  or  man\’  utilities.  The  economics  of  larger  size  units  will 
tend  to  increase  these  coojierative  enterprises.  In  addition,  the 
[ues.nt  trend  in  iitilit)’  ciperation  is  toward  a much  higher  degree 
of  i nte  rut  i 1 i t >■  coordination  than  lias  been  einiiloyed  in  the  [vist. 
Tlurmal  generation  in  the  region  will  accordingly  reipiire  trans- 
mission facilities  considerably  more  e.xtensive  than  have  been 
exhibited  by  thermal  based  systems  in  the  past. 


' i£;iL  Bi  i i o n 

file  present  day  large  nuclear-electric  generators  waste 
a|-i[irox  inate  ly  two-tiiirds  of  the  heat  which  they  produce.  ,\ 

1 , OOO-negaw  at  t light-water  reactor  accoiaiingly  proiluces  about 
.T.070  megawatts  of  total  heat  on  the  present  basis  of  .T2.(i  [lercent 
thermal  efficiency.  The  higher  operating  tem[ieratures  permitted 
by  a gas-cooled  reactor  and  subsequently  by  a breeder  reactor  will 
raise  this  efficiency  to  slightli-  over  40  [lercent,  the  same 
efficiency  afforded  by  ,i  conventional  fuel-fired  plant.  It  appears 
that  nuclear  [ilants  having  the  improved  efficiencies  will  be 
available  well  before  the  \'e.ar  2000. 

Present  tlay  nuclear  powerpl.ants  generally  have  ;i  condenser 
effluent  tem|U'rature  slightly  in  excess  of  00°l'.  Although  there 
are  large  amounts  of  such  heat  to  be  wasted,  this  is  too  low  a 
temperature  to  be  attractive  for  most  by-product  uses.  Research 
into  these  uses  is  underway  in  the  Pacific  .Northwest,  but  most 
such  uses  provide  an  alternative  method  1'or  dissip.ating  heat  rather 
than  an  actual  use  of  the  heat  itself. 

There  are  several  methods  of  dissipating  heat  from  a thermal- 
electric  plant.  Tor  a given  site  the  method  will  ilepend  u[ion  cost  of 
land,  availability  of  water,  competing  writer  uses,  weather  conditions, 
and  the  economic  penalties  imposed  in  the  plant  itself  by  less  than 


uU-.il  conlini;  metlKuls.  A maj('r  factor  is  the  limit  to  iiicroases 
in  water  t omiu' ra  t ii  ros  imposed  by  rot;nlator\'  aj;encies. 

Ihe  \arious  I'aetlie  Nortiiwest  States  have  ailoptetl  standards 
for  (|iialit\’  of  water.  \mon^  tiu'si'  standards  are  tlte  limitations 
u]'on  thi'  luMt  wh  i ell  is  ilissipated  to  water  bodies.  Tlu'  standards 
differ  between  states  |iut  all  are  generally  similar  in  the  restriction 
wbicb  tbe\'  provide. 

\iloption  Ilf  these  st  andards  has  the  effect  of  essettt  i til  ly 
eliminatimt  any  once-tbroiipb  coolinj>  (d'  t lu' rma  1 -e  loct  r i e plants  on 
the  la'wer  folunihia  River.  Coolinj;  towa'rs  b.ive  been  selecteil  for 
the  one  ^;eiU'rat  injt  plant  wbicb  is  iindei'wav  .and  presumably  such 
I ns  t ,1 1 1 at  i on  will  be  e.xti'iided  to  all  sueb  plants  of  the  future. 
I.xtendinit  this  lipiitation  to  other  w.iter  bodies  controlled  by  the 
'tate  wati'i'  quality  staiulards  will  sc\en.-l>'  ciu'tail  if  not 
eliminate  oner'- 1 b laniyb  eoolinjt. 


t>  ^ • -jt  V }'ii  if e . »•  th>  i*:  r*'  /*,  t r'/f  f,  »;  /* 
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Sm  1 1 -K'.it  or  Svst  oms 


I'ooliii^  with  salt  water  is  essentially  tlie  same  as  with 
fresli  water,  hut  there  are  important  economic  differences.  Water 
temperatures  are  low  and  fairly  constant  on  the  coasts  and  estuaries 
of  Oreyton  aiul  Kashinston.  The  low  temperature  provides  a cost 
advantage,  as  less  w.ater  need  he  pumpeil  to  efl'ect  ,a  given  amount  of 
steam  coiulensat  i on . lifficiency  might  he  improved  because  of  the 
lower  turhine  h.ick  pressure.  In  addition,  sites  on  Puget  Souiul  and 
the  Strait  of  .lu.in  de  i'uc.a  offer  sever.al  oth.er  .adv.ant  ages . Deep 
w.ater  close  to  shore  will  permit  ma.'cimum  use  of  therm.al  strati  fic.a- 
t i on  to  .avoid  recirculation.  Strong  currents  c.arry  .aw.ay  .and 
distribute  the  el'fluent  at  .a  m.a.ximum  rate.  Sheltered  loc.afions 
I'rovide  ma.x  i mum  protection  ag.ainst  storms  .and  tiilal  waives.  On  the 
open  ctuist  , on  the  other  hand,  sh.allow  w.ater  will  necessitate 
outfall  lines  long  enough  to  obt.ain  adequate  depth  for  complete 
mi.xing  of  the  he.ated  disch.arge. 

Salt-u.ater  cooling  requires  corrosion  resistant  m.aterials 
for  all  water  h.andling  f.acilities.  '•l.arine  bronzes  ha\’o  the 
necessary  corrosion  resistance  hut  .are  objectionable  where  anv 
fishery  is  invohed.  (iopper  alloys  .are  toxic  to  some  species;  and, 
where  the>-  are  not,  ma\’  result  in  unoa  1 atab  i 1 i t>'  because  of 
discoloration.  In  such  instances  stainless  steel  or  n i eke  1 -ch  i-ome 
.alloys  may  be  necessar>’  at  an  increase  of  about  2 percent  in  the 
capital  cost  of  condenser  tubing. 


\ 1 1 e r n a t i _v^  t ayo  1 i iig  '■lethod s 

Although  awiilahle  cooling  methods,  if  identified  in  detail, 
would  be  many,  all  fall  into  the  following  four  general  classes: 

(1)  once-through  cooling  in  which  cooling  water  is  drawn  from  a 
l.irge  body  of  w.ater,  such  as  a stre.am,  lake,  or  the  ocean  passed 
through  the  condenser  and  returned  to  the  source;  {2)  a cooling 
pond  which  is  a closiwl  system  in  which  the  pond  is  suf  f i c i cut  1 >• 
l.arge  to  dissipate  the  heat  to  the  atmosphere;  (.A)  evaporative 
cooling  in  which  the  water  is  p.assed  through  a cooling  tower  where 
w.aste  he, at  is  dissipated  to  the  .atmosphere  hy  ev.apor.it  ion ; .and 
(t)  .a  dry  exchange  system  in  which  cooling  w.ater  is  passed  through 
a finned  heat  exchanger  where  wasti  heat  is  transferred  to  the 
atmosphere  convectively  without  evaporation.  I ach  of  the  various 
methods  is  jireferable  under  certain  c i rcumst ances . Once-through 
cooling  has  minimum  cost  and  low  consumptive  use  but  has  a high 
total  water  use  and  adds  lieat  to  the  waterway.  A dr\-  exchange 
system  has  minimum  water  use  but  has  the  disadvantage  of  maximum 
cost  by  a large  margin.  A cool  in),  pond  for  :i  large  plant  requires 
a very  l.irge  area.  Iv.aporative  coiling,  in  general  represents  a 
compromise  among  these  disadvantages. 


I'or  iliroit  i.'o('lin^;,  :i  1 ,ni)0-nH'i;;iw;it  t nuclc'/ir  pl.int 
ili  ss  i pat  i iij;  some  hillioti  Ht  ti  iH'r  liour,  atioiit  1 ,(>()()  cubic  feet 
per  seeoiul,  micht  hi'  iH'cpiired  for  a coolant  temperature  rise  of 
JO°i'.  for  most  evaporative  systems  a 1 ,()UO-mef>;iwatt  nuclear  plant 
may  bate  an  ava'rajjc'  recpi  i iH'ment  of  25  to  10(1  second  - feet  , as 
compared  to  the  1 ,00('  seeond-fei't  for  ilirect  cooliny. 

I'espite  the  advantayes  of  evaporative  cooliny,  the  disadvan- 
tayes  are  siynificant.  I v'a]H>rat  i ve  cooliny  rc(iuires  an  increased 
capital  investment,  and  aiided  pumpiny  costs  for  recirculating  the 
condensate  may  be  larye.  There  wi 11  be  the  additional  cost  of 
treatiny  the  recirculated  cooling  watiu-  (not  to  be  confused  with 
condenser  water)  anti  the  cost  of  power  for  tlriviny  forceil  draft 
cooliny  fans  excc]it  where  natural  di'aft  cooling  towers  are  used. 

In  aiklition,  evaporati\’e  cooling  will  iisuall)-  result  in  higher 
coiulenser  tempo r;i tu res  than  once- 1 h I’ouyh  cooling.  The  higher 
temiierature  will  decrt'.ase  effieietie\’  of  the  turbine  with  the 
result  of  a reducet!  capacity. 

Although  the  water  «.lem;uKls  are  much  smaller  than  with  once- 
throuyh  cooling,  the  consumptive  use  is  higher.  This  disadvantage 
is  serious  in  some  areas  as  it  puts  the  pl.ant  in  a competitive 
[losition  with  other  impoiTant  water  uses  suen  as  irrigation  ami 
municipal  water  supjily.  I.ven  wlu're  there  is  water  for  the 
necessar\’  increment  of  consumptive  use,  legal  difficulties  and  the 
cost  of  ipiietiny  com]u'titive  claims  to  w.iti'r  may  be  serious. 

There  may  be  further  objections  to  cooling  towers  on  the 
basis  of  esthetics.  As  natur.al  tlral't  towers  are  ver>’  large  they 
locally  dominate  the  laiuiscane.  Miether  they  are  an  esthetic  asset 
is  a matter  of  t.aste,  but  tliey  will  undoubtedl)’  be  objectionable 
to  some.  forced  draft  cooling  towers  are  not  as  h i gli  but  they  are 
still  quite  large  and  may  require  special  design  for  the  supression 
of  the  noise  associated  with  large  fans.  The  cooling  toveer  also 
jiroduces  condensation  ilownwind  from  the  plant.  More  recent  designs 
have  elimin.ated  prec  i i' i t a t i on  from  this  "plume"  and  good  design 
keejis  the  "plume"  above  grouiul  level.  There  is  still  tlio 
appe ranee  of  the  plume  to  consider,  however. 

l.vaporation  of  the  ci  rcul.it  ing  water  causes  a build-up  of 
the  solids  in  the  water,  both  n.atural  salts  and  added  chemicals. 

To  limit  the  build-up,  water  must  be  bleii  from  the  system  in  an 
amount  up  to  4 second-feet  for  ,i  1 ,(MH)-megawatt  plant.  Disposal 
of  this  blow-down  must  be  effecteil  without  pollution  of  the  local 
strt'ams  or  ground  water. 

At  sites  with  available  land  and  favorable  terrain  cooling 
ponds  may  be  considered.  Tbe  pond  may  be  enclosed  by  earth  dikes 
on  flat  land,  or  may  be  a convent  i on;i  1 reservoir  or  an  existing 
lake.  A pond  to  serve  a 1 ,000-mcgawatt  nuclear  plant  would  require 


.1  '^11  rt'iici'  :m',i  ()1  .il'out  J.OOd  ;rix's  aiul  a depth  of  1 Ti  to  20  feet. 
Ihe  reipiireil  area  v%  i I I lu-  d<  lined  more  exactly  h\-  cliriatic 
cond 1 1 i ons  . 


\ cooliiij;  pond  rue.  t lu'  s i ;ed  to  dissipate  not  only  the  heat 
f'l'om  the  condenser,  hut  also  s(>lai-  lu'at  receiva-d  hy  the  |)ond.  I oi- 
a pond  to  serve  a 1 ,00('-nieyav%at  t plant,  the  solar  lo.ad  m.av  exceed 
that  imi'osed  In  the  jvlaiit.  hater  supplv  nuist  also  proviile  t’oi'  any 
necess.ii'v  seepage  loss.  The  solar  effect  Kill,  in  Karin  sun'mi'i' 
Kcather,  .approx  i in.it  e 1 v douhle  the  consuni|it  i ve  use  of  K.iter  ir 
coinp.ireil  to  a coo  liny  toKer. 


Ihennal  Plant  l.oc.ition 

Ihe  locatii'ii  of  tlierinai  Plants  ,as  Kell  as  their  niaynitiule 
is  essential  to  definition  of  their  effe^'t  on  K.iter  inanayenent  . 

I he  rina  1 -c  lec  t r 1 c capahilitv  in  .an  area  is  equal  to  electric  load 
in  the  area  iv.iniis  import'  and  minus  local  hvdroe  lect  ri  c capahilitv'. 
Ihe  imports  depend  upon  sii  il.ir  comparisons  for  other  areas, 
hoKe'.er.  fopsequeiit  1 V , aiiv  one  s.jt  of  loads  ,ind  hvdro  capahilities 
c.in  he  comp.atihle  Kith  ,i  multitude  of  thermal  site  locations. 

Ihermal  -ite  loc.itions.  therefore,  depend  uiion  other  future  condi- 
tions K'h  i ch  mav  he  dit'ficult  or  impossible  to  predict  for  as  far 
in  the  future  ,is  2020  or  even  200(i . Mternalive  estimates  mav 
furthermore  onlv  sample  a feu  of  the  credible  alternatives. 

\s  esseiiti  allv  ill  the  Kater  use  for  the  rrai  1 -e  1 ec  t r i c 
yener.it  ion  is  hv  base  eneryy  proilucinc  plants,  no  attepifit  is  made 
.at  this  point  to  identifv  the  limited  thermal  jieakiny  capahilitv 
located  .'It  lo.id  center'-.  Ihe  mayn  i t iide  of  such  capiah  i 1 i t y Kill  he 
reduced  to  the  extent  that  peak  load  can  he  carrieil  hy  maximum 
hvdro  peakiny  capahilitv  aiu'  hy  pumped  storaye  hvdroe  lect ri c plants. 


\ssunijvt  1 oils  for  I'  lanV  s | r i n y 

Ihi  foreyoiny  discussion  hrinys  out  the  comiilex  intirplav 
amony  the  factors  involved  in  thermal  plant  location.  lindouht ed  1 \ 
there  are  additional  sitiny  f.ictors  Khich  cannot  he  present  1\  for- 
seen.  Miat  is  more  ilifficult  to  project,  hoKever,  is  the  compar.i 
tive  streiiyth  of  ini'likiice  ot  these  various  factors.  Ivvnts  ot 
the  past  2 years,  as  hri'uyht  out  previouslv  herein,  haw 
cons  i lie  rah  ly  modified  forecasts  of  plant  sitiny.  Ilecent  invest  i 
yations  under  the  I !’C  National  I'ouer  Survey  (101  and  .ilsp  In 
representatives  of  rerional  nonpoKer  ayencies  (SO)  reveal  prohlv 
and  opi>ort  un  i t i es  heretofore  unforeseen.  It  is  reasonalvie  to 
presume  that  further  iinfori'Seen  events  in  the  next  foK  ve.ii's  , p 
effect  similar  chanyes  in  the  forecast.  Nevertheless,  ,i  forec a ' 
of  Kater  use  for  poKt>r  is  required  at  this  tine. 
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rtu'  t>asic  assumption  in  thermal  plant  location  is  that  the 
thermal  plants  will  supply  the  electric  power  loads  which  the 
hvdriH^  lect  r i c plants  are  unable  to  sujiply.  It  is  further  assumed 
that  base  electric  energy  requirements  will  continue  to  be  provided 
by  nuclear  and  conventional  peneratinjj  units  of  the  sort  existing; 
or  in  the  advanced  planning  stage  today.  Although  the  cost  of 
transmission  is  a major  economic  plant  location  f.ictor,  problems 
of  location  are  too  great  to  confine  all  thermal  generation  to  the 
subregions  where  it  will  be  used.  It  is  not  contemp 1 ateil , however, 
that  any  major  share  of  the  region's  thermal  power  can  be  moved 
great  distances.  Direct  cooling  for  this  study  is  assumetl  to  be 
unacceptable,  except  for  salt-water  cooling  and  for  special 
circumstances  where  the  water  need  not  be  returned  directly  to  the 
waterway . 

Recognition  that  the  various  assumptions  in  plant  location 
may  be  i n\’a  1 i d.ated  by  future  economic  facts  lends  support  to 
instituting  of  the  study  of  alternative  thermal  plant  locations. 

As  liescribed  in  jirevious  sections  of  this  .appendix,  alternative 
load  estimates  have  been  identified  for  the  F’uget  .Sound  and 
Killamette  subregions,  and  two  alternative  future  hydroelectric 
systems  have  been  defined.  These  then  provide  four  regional 
alternatives  for  .any  given  future  load  level.  I.ocat  i in  of  thermal 
power  in  both  these  subregions  has  met  with  considerable  resistance, 
whereas  thi're  has  been  indication  that  thermal  plants  in  the 
subregions  to  the  east  might  be  more  locally  acceptable.  Thermal 
plant  location  a 1 1(>  rna  t i ve  1 east  of  the  Cascades  provides  two 
more  alternatives  which  combined  with  the  four  already  defined 
provide  eight  altern.ative  therm.al  plant  systems  for  the  region. 
Other  additional  alternatives  could,  of  course,  be  studied  ;is 
description  of  the  subregions  will  suggest. 


Location  of  Load 


In  the  electric  lo.ad  estimates  previousl\'  rejiorted  for  this 
appendix  no  distinction  was  made  as  to  where  in  the  region  these 
loads  were  located.  for  identifying  cooling  water  requirements, 
however,  it  is  necess.ary  that  these  loads  be  located.  These 
loc.ations  arc  specified  on  table  41  for  the  loads  estimated  for 
the  years  2000  .and  2020.  Therm.al  plant  locations  for  the  1080 
system  are  for  the  most  part  already  identifietl  by  present  utility 
[)lans. 


The  load  areas  on  table  41  refer  to  boundaries  identified 
with  service  are.as  of  utilities,  as  it  is  the  utilities  themselves 
that  estimate  the  load.  lixceptions  .are  Are.as  C .ami  C , Killamette 
Basin  and  Puget  Soumi , for  which  Type  2 basin  investigations  have 
been  comjileteil.  The  corre  1 at  i otis  bi'tween  loiul  areas  for  power 
purposes  .and  (!o  lumb  i a-North  Pacific  subregions  .are  shown  by 
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figure  21.  In  appro-ximrite  terms,  however,  the  correlations  arc 
as  follows: 


Load  Areas  Subregions 


A 

B 

I)  f,  L 
I- 
(1 
II 
1 

.1 


Tr.ansmi  ss  ion  Limitation 

Import  of  thermal  power  to  the  Willamette  and  I’uget  Sound 
subregions  appears  feasible  within  certain  limits.  Some  |iower  may 
be  imported  from  co.istal  locations,  but  these  will  be  limited  by 
availability  of  sites.  Import  from  the  Hast  may  be  acceptable  up 
to  the  capacity  of  existing  transmission  corridors.  This  capacity 
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"ill  i>  liMt'.  ii  111  I'V  li  1 filu  I I ; iiiismi  s"  1 on  voltajje;  hut  it  soi-iiis 
1 iiipi  oh  ill  1 1 ihii  .iilil  I t I (iii;i  1 (otriilors  "iil  he  aceept  ah  I e , as  thcri 
all  I ii'|Mii  I III  I , oiii|  ■'  t I iij^  l.iinl  II  .1  . . I I ansmi  ss  i on  stmlies  indicat' 
an  I a t to  weal  I I nil  I al  1 on  of  nuij;tily  2J,0()t)  megawatts  north  of 
till'  (oliinihia  IMvi-i  and  nejiawatta  south  of  the  (‘nlumhia. 

Iiii'iii  Indies  will  iiiuhiuht  cd  ly  define  this  limit  more  precisely. 

I h I .s  limit  south  ot  the  foliimhia  is  .'’1(1  mej^awatts  in  addition 

to  an  estiiiiattd  import  ot  3,00('  me)ja"atts  from  the  Klamath  lliver 
Hasiii  outside  ths  lejtion  by  2020.  Tlie  effect  of  these  1 i ni  i t at  i on  ; 
is  I the  I rated  foi  the  \eir  2020  for  one  of  the  eight  alternatives 
on  t.ihh  12.  .'\s  shown,  Area  II  e.xports  .SO, 000  peak  megawatts  and 

Area  I,  2t),100  pe.i)'  megawatts,  of  which  detailed  computation  shows 
onlv  22  ,000  megawatts  arc  west  to  .\rea  0.  Considering  the  entin.’ 
.are.'i  eist  of  the  Caseades,  export  to  the  west  is  the  limit  of 
''2,011(1  p(,'al  iW  i.MW.it  ts  derivetl  as  follows: 

ll\'ilro  capability  .^2,800  megawatts 

Thermal  ii"iiort  9,000 

riiermal  capahilitv  91,200 

l.oad  nlus  reserve  -11,000 

I xport  to  the  west  52,000  megawatts 

In  .addition  to  the  .52,000  megawatts  imiiorted  from,  the  east 

on  t.ihle  -12,  l(),i'00  megaw.itts  .are  assumed  to  be  imfiorted  from 
coa  t.il  loc.it  ions  to  e.ich  ot' tl’.e  Hi  1 lamette  and  Puget  Sound  sub- 
legions.  This  leaves  ,i  recjuireil  thermal  peak  installation  of 
.lO  , 500  meg.iwa  1 1 s in  the  Hi  1 lamette  Subregion  anti  24,200  megawatts 
ill  the  Puget  Sound  '^uhreyion.  fhermal  peaking  rcipii  rement  s are 


tK-ri  w 
1- 

d on  the  t 

k’l  iju  1 I ‘‘Pit  II  t 
'hii  irojn-  U>  lir" 
Miiur.Mii>  'Nf 

:ih  lo 

t.  I f. 
*•1.  V I r 

h»'rn 

for  the 

1 1 n>:  1 i;>.» 

u --A  - 1 fir 
Uk' nii.i  1 2 

otlier  load  areas. 

<itv  - L’o liimh  1 ;i-Aorth  I’aciJ'iv 
■)Hl  HS  Population  forecast 
02('  loads  aivl  Pesources 

Ke>;  i on 

a t 1'  » jar  ! 

■.  M jj  rpr'.’ 

■nr 

1 - • 

i ! • r 

. I r,  d t 

'.i<l  rill 

l\-.d 

Area 

The rma 1 

d At  -t 

ln.l  t- 

1 -•  r A '• 

llvdn* 

l,„ 

In  Area 

} xchange 

Import 

frn  1 1 1 OTP-  of 

K I lov.:it  t S 1 

i 

. (. 

d . > 

2 . 

(J  .<> 

2 .0 

I 

I 

\ A 

A . ” 

1 .0 

2.1 

1 , 1 

1 .0 

K 

fij  " 

■11 

I . : 

00. 

50 . .t 

1 0.0 

W 

- ; 

>1 . ; 

0 . > 

' . 1 

1 1 ." 

.10.0) 

A.O 

t 

H 

1 I 

1 .(• 

(1  tl 

1 -b 

1 1 .0 

\ 10. 0) 

t 

K 

1 > S 

I ...  1 

n 

14.2 

11  J 

M J 

.1 ' . J 

! .2 

■‘p  . 2 

:i . : 

.A2 ,0 

ll. 

1 

I ■ 1 

.’(1.  1 

10.  1 

1 0.0 

40.0 

{ AO . 0 ) 

I . 

t 

V 1 

l.*^.  ’ 

1 11. 01 

1 1 

(2(>.  11 

1 

t 

» \ 

Ul.S 

^ 1 

X . J 

2.  1 

b .0 

1 t 

• I 

l-U 

.'ll  .X 

i(  1 

128.1 

1 IS.  . 1 

0.0 

12.0 

H 

r.'.  I 

|7>  H 

I ■’0 . 2 

1 15.  J 

52.0 

vO 

1 

t. 

1 1 .0 

^2.  K 

s . 2 

51..' 

152.0) 

0.0 

ISS 


Location  of  'I'hcnn.-il  tiloctric  Capability 

I'he  thermal  plant  installation  rocpiirctl  for  energy  in  each 
load  area  is  the  energy  load  divided  hy  0.85  plant  factor  after 
substraction  ot  hydroelectric  energy  resources.  This  plant  factor 
is  in  recognition  of  maintenance,  refueling,  and  unscheduled 
outages.  This  installation  is  shown  on  table  4.5  for  the  same 
alternative  tor  which  thermal  peaking  installation  was  shown.  The 
other  seven  alternatives  were  similarly  derived  for  all  load  areas. 
•Shown  with  this  installation  is  the  reeptired  peak  capacity  from 
table  42.  As  shown,  all  the  thermal  installation  in  central  Oregon 
and  Washington  will  be  used  to  generate  energy,  but  the  installation 
for  peaking  will  be  considerably  greater  than  the  installation  for 
energy  in  the  Willamette  and  Puget  Sound  load  areas.  A part  of 
this  excess  could  be  supplied  alternatively  by  pumped  storage. 
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Shown  adjacently  on  the  table  are  the  subregions  most  closely 
corresponding  to  each  load  area.  Although  there  is  a lack  of  exact 
correspondence,  the  location  of  thermal  capability  by  subregions  is 
.apparent  when  the  characteristics  of  these  subregions  are  considered 

To  keep  the  .alternatives  which  .are  re|iorted  within  a 
re;ison.able  number,  some  comparatively  arbitrary  .assumptions  need 
to  be  made.  I'he  .assiimjition  th.at  10,000  mcg.awatts  of  thermal  capa- 
bility will  be  importeil  to  e.ach  of  the  Willamette  and  Puget  Sound 
subregions  from  coastal  locations  li.as  been  describetl.  In  recogni- 
tion of  the  economical  supiilies  of  fossil  fuels,  it  w.as  .assumed 
that  there  would  be  imported  the  energy  shown  by  the  footnotes  on 
t.ablc  4,5  from  sources  outside  the  region.  Alternatively, 
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i ri]iort  at  i on  of  the  fuel,  particularly  into  Subregion  1,  is  a 
|ioss  ill  i 1 i ty  which  wouhl  he  consiilered  if  unlimited  alternatives 
were  being  studied. 

Although  Subregion  2 has  a surplus  of  hydroelectric  capa- 
1-iility  for  its  own  needs,  it  provides  a location  for  minimizing 
thermal  installation  in  the  I'uget  Sound  Subregion,  within  the 
limit  of  transmission  capacity.  I'or  other  alternatives,  a minimum 
capability  of  2,000  megawatts,  including  the  existing  Hanford 
thermal  plant  through  2000,  with  ilirect  cooling  is  located  within 
the  subregion  in  recognition  of  possibilities  for  combining 
thermal  generating  capacity  with  irrigation  development. 

Subregions  1,  4,  and  S are  shown  without  thermal  capability 
because  of  their  coal-fired  imports.  Before  1980,  Idaho  Power 
Company  plans  to  imjiort  power  from  .lim  Bridger  powerplant  located 
Just  east  of  the  subregion  near  a large  coal  deposit.  Subregion  12 
is  exju'cted  to  have  no  thermal  capability  because  of  its  extremely 
small  load.  Subregion  .S , the  Yakima  River  Basin,  is  assumed  to 
h.ive  no  thermal  capabilit\’  because  of  the  high  alternative  value 
of  cooling  water  for  irrigation.  Coal  deposits  exist  in  this 
subregion,  however,  and  an  alternative  which  considers  some  thermal 
capability  would  have  some  supjiort.  Subregion  6,  l.ower  Snake,  is 
expected  to  have  no  thermal  capability  because  of  light  load  and 
high  hydroelectric  capahilit\-  which  would  provide  a surplus  at  all 
three  levels  of  development. 

Subregion  7,  Mi d-Co lumh i ;i , because  of  its  cooling  water 
supply,  will  have  a high  thermal  capability.  This  capability  is 
part i cu 1 ;ir ly  high  in  alternatives  where  there  is  a maximum  trans- 
mission of  power  to  the  Willamette  Subregion. 


WATl'.R  Ri;QIIIRl.Mi:.\rS  ,VYli  M.VNACP.Ml'NT  NI-.I-PS  RIR  POWiiR 

l.lectric  Power  relates  to  the  regional  plan  of  water 
resource  develojiment  through  the  water  recpi i rement s for  driving 
and  cooling  generating  plants.  These  needs  are  derived  from  the 
location  and  mode  of  operation  of  hytlroplants  and  the  type  and 
location  of  the rma 1 -e lect r i c plants  in  the  region.  With  the  power 
resource  recpiirements  developed  in  the  preceding  sections,  it  is 
possible  to  derive  water  recpi i rement s and  management  needs  for 
power. 


Wa ter  Recpi i rement  s for  'fhermal  Powei- 

Ihermal  [ilant  installations  [irojected  on  table  t.S  are 
interpreted  in  terms  of  cooling  water  needs  by  application  to  these 
installations  the  rate  of  cooling  water  use  by  the  various  projected 
ly]ies  of  ]ilants. 


Rate  of  Water  Use 


In  view  of  the  several  alternative  methods  of  cooling,  it 
is  best  to  simplify  the  recju  i rements  somewhat  for  identification 
of  future  water  requirements.  Certain  minimum  distinctions  are 
necessary,  however.  There  is  a large  difference  in  water  require- 
ments between  ilirect  cooling  and  evaporative  cooling.  The 
difference  extends  to  both  the  magnitude  of  water  use  and  to  the 
degree  to  which  each  is  a consumptive  use.  Ihere  is  also  the  need 
to  recognize  the  improved  efficiency  in  use  of  water,  which  will 
result  with  conventional  thermal  generation  or  advance  type 
reactors.  With  these  distinctions  in  mind,  the  water  uses  shown 
on  the  following  table  were  adopted  for  computation  of  basin  water 
use  for  power. 


Coolin>:  U.itiT  irr.rfit  V , iijhi-.  Ii'f  ’‘fr  -■  ’nd 

p«‘r  1 nif>'.av*at  t s hith  ^'11*1.  ( r it '»i  - lt|.« 


jj^lt  U|t- 

r Hi  .1,  1 ,ir‘. 

uKt.'HTionil  ;h«r"al 

• , ' aiKc  .1  '.ucl'  ir 

IH  rccT 

1 \ ii'i • r .it  1 i 1 

1*1  r«  . t 1 ,.i!  i.r  ikv 

1 1 roi  1 at  1 Rc<pi  j rt  nifTit  •- 

1 •Id 

1 . IS*.  .iK‘ 

C.nriMimT  1 1 \ 

0 . -JM 

U % 

0.  10 

Subregional  Requirements 

As  a distinction  in  use  of  cooling  water  is  made  between 
four  different  types  of  plants,  these  types  must  he  identified  at 
the  various  levels  of  development,  (ienerally,  it  is  recognized 
that  the  advanced  nuclear  reactors  will  not  be  available  in  1980, 
but  should  be  fully  available  by  2020.  In  the  year  2000,  some  of 
the  light  water  reactors  will  still  be  in  service.  Computations 
also  need  to  reflect  the  limited  amount  of  direct  cooling  which  is 
anticipated  in  some  subregions. 

The  computed  water  requirements  for  therma 1 -e lect r i c 
generation  arc  summarized  on  t:ible  45  for  all  eight  of  the  alterna- 
tives studied.  Subregions  1,  .5,  4,  5,  and  6 are  excluded  because, 
as  previously  described,  they  are  expected  to  have  no  thermal 
generating  capability.  The  amounts  shown  arc  average  use,  as  at 
times  of  peak  load  use  would  be  somewhat  greater.  Although  eight 
alternatives  and  three  levels  of  development  are  shown,  they  still 
do  not  arrive  at  the  depletion  of  any  specific  stream.  In  some 
instances,  the  alternatives  within  a subregion  are  limited;  but, 
for  most,  a number  of  plans  would  have  the  forecasted  use.  There, 
furthermore,  remains  the  problem  of  which  the  eight  alternatives 
should  be  recognized  in  subsctpient  stuilies  of  nonpower  use.  One 
alternative,  such  as  minimum  hydroelectric  installation,  with 
maximum  thermal  installation  east  of  the  Cascades  and  maximum  loads 
in  .Subregions  9 and  11,  could  be  selected.  Such  further  refinement 
is  a plan  formulation  activity. 
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I''ci;ii  l.itcil  C(iliiP'l)i;i  Uivt'r  I lows 

In  tiTiiis  of  Kjitor  roqii  i rc'P'c'nt  s , ;i  hvilro  project  uses 
virtVKilly  all  of  tlu'  stre.inifloK  ]>assinp  tlie  site.  However,  hvciro 
IS  i;etierally  classifiial  as  a iioncoMsmnpt  i ve  water  use,  and  with 
the  exception  ol'  resi-rvoir  evaptuation  losses,  the  streamflow  thus 
used  IS  fully  .ivailahU-  foi'  furthei'  use  ilownst  ri-am.  Increased 
irrij;ation  de]iletions  and  other  consumptive  water  diversions  will 
in  time  reduce  somewhat  the  annint  of  strisaniflow  available  for 
hydro  ceni- rat  i on , .and  this  factor  has  been  accounted  for  in  the 
SNstem  reculatii'n  stiulii's.  Howevi'r,  t lu'  objective  of  h>'droe  lectric 
s\'  tem  oiH'ration  will  continue  to  be  to  use,  when  possible,  all  of 
t!u'  axailable  ''treaniflow  for  em-rjt\'  ei-ne  rat  i on  . Tl’us  , the  most 
important  cons  i de  rat  i on  with  respect  to  hydro  is  water  man.agcment 
rather  than  (|uaiit  i t at  i \ e w.iter  reqiu  ri-men  t s , Tlu  following  par;i- 
grajilis  dwell  |iriniaril>-  on  this  probler-  of  effective  m.anagement  of 
the  existing  water  resourci-s  for  hvdropowcr  geiieraticin  and  the 
et feet  it  will  have  on  st reamf low . 

Ivith  the  comi'letioii  ot'  tb.e  t.olumbia  Uiver  Ire.atv  ’’rojects, 
a siibst.intial  anaiunt  o!'  storaw  will  have  been  addeil  to  the  system 
for  regiilitim:  the  seasonal  lv  I' 1 iic  t iia  t i ng  natural  st  re.amf  1 ow  of 
the  (a)lumbi.a  biwr.  In  additii'ii,  pondage  is  available  at  the 
riin-of- ri  ver  projects  :'or  e t'f'v  ct  i nr  short-term  (hourlv,  daily,  and 
weeklv’l  regulation.  While  tlie  seasonal  regulation  for  pov-ier  is 
generallv  compatible  with  oper.ations  for  flooil  control,  irrigation, 
and  navigatii'P,  it  is  constrained  to  some  ilegree  by  the  reipii  rement  s 
of  recre.it  ion  and  fjsh.  sh,,,-t  teri"  regulation  is  constr.ained 
somewhat  by  the  need  to  I'laiutair,  riniivum  releases  for  water  quality, 
navigation,  water  rir.hts.  .md  t'isli  .and  wildlife,  and  t c>  limit 
fluctuations  in  riv.r  and  pi'ol  H-vi  Is.  Ihese  constraints  are 
necessarv  to  attain  tiu'  ova-r.all  objectiee  (if  optimum  multiple- 
purpose  use  of  the  t'hv.s  ('t'  t he  To  1 umb  i a Uiver.  Within  these 
constraints,  the  available  storag.e  will  be  used  for  the  optimum 
generation  of  >iower  at  the  stor.ire  pl.ints  and  the  mainstem 
run  - of  - r i va-  r p 1 ,in  t s . 


Month  lv  Streamflow  I liutuation 

The  average  unregulated  roiithlv  s t reamt' 1 1'w  at  the  Halles 
ranges  from  a maximum  of  over  KiO.iUKi  cuhie  I'eet  per  second  in  Mav 
and  .lime  to  less  th.iii  Ibb.piHi  ciibu  fe(t  per  second  from  October 
through  lebruary.  ixisting  storage  jirojects,  excluding  the 
Tolumhia  River  Ire.atv  t'roject'  , have  m.ade  it  possible  to  store 
[lart  of  the  earlv  summer  [le.ak  flow,  to  he  used  tor  power  generation 
in  the  winter  months,  Hv  l',)8().  with  the  Taiiadian  Tolumbia  River 
Ire.atv  I’rojefts  plus  the  libbv  and  Hworsb.ak  resi'rvoi  rs  in  operation. 
It  will  be  possible  to  regulate  streamflow  in  such  a manner  that 
most  monthlv  t lows  wi  II  r.aiigo  hetwevii  lOn.dHn  and  JOO.ono  cubic 
feet  per  second,  with  the  minimiii"  generallv  oecurritig  in  the  I'lrlv 


I 


Ki.v 


I 


t.il!,  tolloKim:  the'  st'iiiig  hut  nrcccilini;  storu^u  rclonses 

tu  nn'ci  t lu'  I)  i i;li  vvint’,  ! i'umm'  Io.hIs.  I'Iu-  extent  of  retni  1 at  i on  with 
tin  lu,S(t  s\sti';’i  uikUt  I'.hSU  i.amthlx  loads  am!  dcjilctions  is  illus- 
tia'ed  h\  t'if^uie  JJ  and  tlu'  et't'cct  that  t.his  storage  has  on  the 
liifure  di  ^’.t  rihiit  I on  of  monihl\  t'lows  is  illustrated  hy  figure  27>. 
I'o'iip.iM'd  to  Ih.M'  eoml  i t i oil'' , a soim-Khat  witler  range  of  flows  will 
he  exi'e  r i enced  in  JOJO  due  to  tlu  ehaiu’c  in  the  pronortion  of 
tlurmal  to  hvdiai  giiU' rat  i on  (see  Changes  in  Use  of  Stoi’agt',  under 
ll>  d riK' K'et  r 1 1 l!esoui'v-es  i and  neater  irrigation  depletions. 

I lou r ! \ 1 low  ’ 1 net  uat i on 

Ihree  main  faetoi'  ai'iei.t  the  hourl\’  discharge  t'luctuation 
at  a I un-ot’- ri  ve  I nlant  at  an\’  gi\en  site:  the  reservoir  inflow, 

the  pi. ant  hvdr.aulic  camacitr.  and  the  magnitude  and  shape  of  the 
■u-'teni  powir  lo.id.  ''tiler  thim.’s  being  e'pia  1 . the  smaller  the 
iterage  r''erii'ii  i r.  •’ 1 o'-  . the  largi'i-  the  houi'lv  f 1 net  ii.a  t i on  in 
disJi.arge.  '.■.'hen  t'lows  .at"  low,  the  pi'tids  of  the  run-of-river  plants 
will  he  drafti'd  heavilv  to  meet  ,.  iil\-  lotids;  and  hence,  the''  rii-'t 
lu  n-filled  during  oi't'-peak  hours.  'I'li  i s P'eans  that  off-peak 
releases  I 1 1 he  re  1 a t i ve  1 lo'v,  in  sore  cases,  liritr-d  to  the 
l•’inimum  t'lows  ri'ouire!  ('ot  noniiowi'r  .urnosi's.  huring  the  course 
ot'  tlu-  ilay,  tile  flows  rust  he  increisei'  to  rni'et  the  system  load, 
reaching  neat- s in  m i d - r ('rn  i n g am!  late  aft  e rn-'Oit , \s  shown  hy 
figure  , tvtth  u•'stre,ll  -toi-.ige  it  i nossihle  to  more  efficient!)' 
ft  1 s r r i (uit  e thi-  :innual  lunot't',  thus  i- 1 i m i na  t i ng  the  low  tu'erage 
t'lows  which  woul!  c.iuse  till-  greatest  hourl'  fluctuation.  'igiire  dl 
shows  how  se.isnnal  storage  will  incretise  tile  t'lows  in  .'.■iniiary,  the 
i''onth  h.ui'ig  loue-t  natur.il  t'lows,  highest  loads,  and  hence,  the 
.:re.atest  hourl\  t'loi-,  t' I uc  t u.i  t i ons  I'.ith  higher  flows,  it  will  he 
possible  to  incfe.iae  the  - 1 11  i f UP'  ot't'-re.ak  i'lo'-.s  ,iml  to  incri.'ase 
the  tiiriher  ot'  hours  the  "lants  can  otievate  at  or  ne.ir  capacitv. 

I'hint  hviir.'iulm  c.i''acit\  ior  elant  ca’iahilitv  ■\heti  exitri'ssed 
111  t(.rn:s  of  reg, iwat  t ' ! also  has  .1  ■- 1 gn  i 1' i c.int  et'fect  on  the  t'luctua- 
r I on  (o'  r'cle.'ises.  s',,|-(.  tai  older  elan;'  were  initialh' 
(oiistriuted  .e  : .is,  load  til.iiit-,  and  tlu-  ratio  ot'  average  usable 
' m r;u'  to  t'l.mt  c.at'ai’i  1 i t >'  ica",icit>  '.ictor)  of  these  nlants  is 
■ piite  high.  \t  plant-,  ot'  tilts  t vpe , tile  t'luctuation  in  hourl)' 
''elea-,es  is  nl.ati\.e|',  low.  '-ince  lu'dro  gi'iieriition  will  increas- 
ingl\  he  uscil  idr  meet  ing  m-ak  loads  inste.ul  o1  the  base  lotid,  the 
neio  r filants  ha\e  been  .h'sigiu'd  with  higher  plant  capabilities. 
Moreover,  .idditions  af'  planned  to  increase  the  c.ii'.ih  i 1 i t i es  ol' 
most  of  the  e.visting  plants  (t,ahle  .ill.  '-'.ith  the  resulting  lower 
cajiacitv  t.ictio'i,  these  nl.'nt-'  will  create  gre.'iter  t' luct  ii.it  i ons  in 
discharges.  lahle  h>  sho'O'  the  camicit;  I'actors  ol  the  l'e!'m’>i;i 
River  nliiits  under  Iti'id  ind  JOP'  loads  and  resources.  largo 
ditfereiices  in  the  hvilraulic  lamuities  of  aditiceiit  I'roiects  will 
also  foster  l.irge  j'ool  t liu  t ii.it  i ons  . 
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FIGURE  22  The  Effect  of  Regulation  on  Moinstem  Columbio  and  LOner  SnoKe  River  Flows 


Figure  ?4.  Flow  Duration  Curve  of  Mean  January  Flows  at 
The  Dalles 
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The  shape  and  magnitude  of  the  regional  load  also  has  a major 
effect  on  hourly  fluctuation  of  flows  and  has  a direct  influence  on 
the  seasonal  regulation  of  streamflow  and  the  determination  of  plant 
capacities  as  well.  On  an  hourly  basis,  the  shape  of  the  daily  load 
establishes  the  pattern  of  releases  for  power  generation--the  night- 
time minimums  and  daily  peaks  discussed  above.  On  weekends  these 
peaks  are  generally  lower  and  the  hourly  fluctuations  arc  less  than 
experienced  during  the  week.  Furthermore,  weather  and  other  factors 
cause  variations  in  load  over  the  course  of  the  year.  This  seasonal 
variation  in  load,  together  with  the  seasonal  variation  in  stream- 
flow,  has  ;m  effect  on  the  operation  of  the  hydroplants,  with  hourly 
fluctuations  generally  being  greatest  in  mid-winter,  and  lowest  in 
late  spring  and  early  summer. 

As  hydro  generation  shifts  toward  a predominantly  peaking 
operation,  additional  capacity  will  be  installed  at  most  of  the 
mainstem  hydroplants,  and  with  this  increased  capacity  will  come 
greater  hourly  fluctuations.  Miere  projects  arc  constructed  in  a 
continuous  seciuence,  as  on  most  of  the  Columbia  and  the  l.ower  Snake, 
the  hourly  fluctuations  which  show  up  immediately  downstream  from 
each  project  will  be  rapidly  attenuated  in  the  downstream  reservoir. 
Only  where  gaps  arc  left  in  the  "chain"  of  projects  (as  at  Ben 
Franklin")  and  at  the  ends  of  the  chain  will  the  river  stage  be 
affected  for  a significant  distance  or  will  pools  be  required  to 
fluctuate  greatly. 

Figures  25  through  28  illustrate  the  way  in  which  hydro 
project  forebay  elevations,  discharges,  and  tai Iwater  elevations 
fluctuate  during  the  course  of  typical  weekly  regulations. 
Regulations  arc  shown  for  Chief  .loseph.  Ice  Harbor,  .lohn  Day,  and 
Bonneville  under  two  typical  streamflow  conditions:  an  average 

September  streamflow  (118,160  cubic  feet  per  second  at  Bonncvillcl 
and  a typical  low-flow  December  (159,740  cubic  feet  per  second). 
These  streamflows  reflect  seasonal  regulation  similar  to  that 
shown  on  figure  22.  It  should  be  pointed  out  that  the  hourly- 
pondage  studies  shown  on  figures  25  through  28  were  produced  using 
a computerized  simulation  program  still  in  the  development  stage, 
and  for  this  reason,  they  should  be  viewed  with  some  reservations. 
However,  they  do  serve  to  illustrate  (|uite  graphically  the  type  of 
hourly  fluctuations  which  could  be  expected .( .55) 

Table  47  summarizes  the  range  of  flows  which  would  be 
experienced  under  normal  plant  operation.  Fully  acceptable  minimum 
hourly  flows  have  not  yet  been  established  for  most  of  the  mainstem 
Columbia  jilants.  However,  the  Corps  of  lingineers,  under  its 
recently  authorized  Columbia  River  and  Tributaries  .Study,  is 
a<^tempting  to  determine  more  accurately  the  plant  operating  criteria 
and  constraints  which  would  best  serve  the  combined  interests  of 
power,  water  quality,  fish  and  wildlife,  recreation,  flood  control, 
and  navigation.  The  criteria  developed  will  apply  prim.-irily  to 
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FIGURE  25.  Weekly  Fluctuations  at  Chief  Joseph  Dam 
1990  Conditions  (27  Units). 


■ tailwate^ 


AVERAGE  SEPTEMBER  (SEPT,  1933.  21,730  CFS) 


SiO  OOO'l 


XJ  13  AVeiUOi 


Si  3 OOO'i 
39dVH3Sia 


ii  13 


Weekly  Fluctuations  at  Ice  Harbor  Dam 
1990  Conditions  (6  Units). 
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Average  September  (sept,  1933.  iio.bto  cps) 


FIGURE  27.  Weekly  Fluctuations  at  John  Day  Dam, 
1990  Conditions  (16  Units). 
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FIGURE  28.  Weekly  Fluctuations  at  Bonneville  Dam, 

1990  Conditions  (Existing  powerhouse  plus 
6-80  mw  units.  Minimum  downstream  release 
85,000  cfs). 
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Corps  projects,  but  it  is  hoped  that  the  data  will  prove  useful  in 
assisting  other  project  operators  develop  more  effective  reservoir 
regulation  procedures.  Some  of  the  parameters  involved  in  the  study 
are  pool  fluctuations,  minimum  releases,  and  maximum  rates  of 
tailwater  fluctuation.  Consideration  will  be  given  to  the  effect 
of  regulation  on  all  activities  on  or  adjacent  to  the  reservoirs 
and  the  open  reaches  helow  the  reservoirs.  Input  will  be  solicited 
from  all  interested  agencies  and  organizations  to  insure  that  all 
aspects  and  effects  of  reservoir  regulation  will  be  given  adequate 
consideration,  and  field  tests  will  be  conducted  to  verify  the 
criteria  developed  through  the  study. 

During  periods  of  sustained  high  river  flows,  the  plant 
hydraulic  capacities  may  occasionally  be  exceeded.  Under  1980 
conditions,  for  example,  it  is  estimated  that  on  the  average  between 
3 and  8 percent  of  the  available  energy  will  be  spilled  annually  at 
the  mainstem  Columbia  plants  (except  for  Rock  Island,  which  will 
spill  nearly  30  percent).  By  2020,  when  full  plant  capabilities 
have  been  attained  and  additional  upstream  storage  is  available 
for  regulation,  spilled  energy  will  be  less  than  1 percent  except 
for  5 percent  at  Bonneville  and  35  percent  at  Rock  Island. 


Regulated  Tributary  Flows 

In  addition  to  the  mainstem  projects  previously  discussed, 
major  hydroelectric  developments  are  located  or  are  under 
construction  in  the  following  subbasins  (see  figure  5): 

Columbia  River  Tributaries 


Kootenai 

Clark  Fork  - Pend  Oreille 

Spokane 

Chelan 

Snake 

Deschutes 

Wi 1 lamette 

Lew  i s 

Cow  1 i t z 

Coastal  Streams 


Skagit  - Baker 
Nisqual ly 
Skok omish 
North  Umpqua 
Rogue 

A number  of  smaller,  independent  projects  are  located  on  other 
streams . 
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riio  projects  on  tlie  streams  listed  above  generally  fall 
into  four  categories;  fi)  the  (lolumhia  River  Basin  power  and 
flood  control  system  projects,  (2)  independent  systems  of  power 
projects,  (S)  independent  power  projects,  ;ind  (4)  independent 
flood  control  and  irrigation  system  iirojects.  Certain  general 
comments  can  lu'  made  about  tlie  operation  of  projects  in  c.acb  of 
these  categories.  I’rojects  in  the  last  three  categories  were 
classified  as  I luiejicndent  Resources  in  the  system  regulation 
studies  disciissi'd  under  Staging  of  I'.lectric  Power  Development. 


>1.  >*oor-Uni.itt*d  ia  /fiivr 


: tr  ih*  'i.tri'  Fori'  hii't'r 
n w’-Urr 


Coordinated  Columbia  River  System  Projects 


aiul  run-ot - r i vor  powor  projects.  ITiese  projects,  together  with 
the  mainstem  projects  Ijsteil  in  tahle  47  make  up  the  (!oord  j nated 
Cohiml’ia  River  System.  Tti  i s system  meets  over  80  percent  of  the 
present  load  reipi j rement s of  the  region. 

Montlily  flow  variation  will  hi-  generally,  as  described  for 
the  mainstem  (!o  liimb  i a --s  t orage  of  surplus  streamflow  in  late  spring 
and  early  summer  .and  rele.ases  from  storage  iluring  late  fall,  winter, 
and  earlv  spring  (tigiire  JJ).  Hourly  fluctuations  from  the  run-of 
river  plants  are  .also  gener.all\'  sjmii.ir  to  tho'-e  described  for  the 
mainstem  (Columbia  projects. 

Hourly  t luctu.at  i ons  at  thi  stoiige  projects  v.arv  seasonally. 
Huring  jieriods  of  dr.aft  , the  [mwernl.int  r.iv  uper.ate  for  extemled 
periods  at  full  capacity,  wh  i h'  iluring  tilling,  m holding  periods, 
releases  for  power  may  be  limited  to  occ.asional  short  periods  of 
peaking,  at  which  times  f luctu.at  i ons  uouhl  be  substantial.  Huring 
off-peak  periods,  minimum  rele;ises  .are  usually  maintained  for 
nonpower  purposes. 

In  the  future,  as  more  storage  becomes  available,  the 
monthly  f luctu.at  i ons  will  decrease  (refer  to  discussion  of  mainstem 
Columbia  monthly  fluctuations).  On  tlie  other  h.and,  as  thermal 
generation  assumes  an  i ncre.as  i ng  1 >■  larger  share  of  the  base  load, 
these  projects  will  also  be  cal  letl  on  to  operate  more  and  more  as 
peaking  i ns  t al  1 .at  i ons  , and  the  downstream  hourly  flow  fluctuations 
will  become  greater.  I'rovision  lias  been  made  at  many  of  these 
plants  for  additional  units  to  meet  these  ne.aking  demands  (table  .’i.'S)  . 

some  projects  it  will  be  necessary  to  provide  reregulating 
facilities  to  permit  full  development  of  the  pe.aking  potential 
while  maintaining  downstream  fluctuations  within  reasonable  limits. 


Independent  Systems  of  Power  I’roject s 

There  are  in  the  region  a number  of  hydraulically  intlependent 
systems  of  power  project  s,  e.ach  loc.'ited  on  ;i  s ing  le  stream  and  generally 
under  the  control  of  a single  utility.  These  systems  consist  of  ;i 
seasonal  storage  reservoir  and  one  or  more  generating  plants  located 
downstream.  An  examjile  would  be  .Seattle  City  bight's  Skagit  River 
system,  consisting  of  a storage  reservoir  ami  generating  plant  .it 
Ross  and  generating  pliints  .it  Diablo  and  Gorge.  Other  similar 
systems  are  located  on  the  Clackamas,  Lewis,  Cowlitz,  Skokomish, 
Nisqually,  Baker,  and  North  llmpipia  Rivers  (figure  5 and  table  4‘))  . 

In  addition,  Washington  Water  Power's  system  of  projects  on  the 
Spokane  River  .and  Id.aho  Power's  Brown  lee-Oxbow-lle  1 Is  C.anyon  system 
(table  48j  are  in  many  ways  similar,  but  are  hydraulically 
integrated  in  the  coordinated  Columbia  River  system. 
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lable  49  - Independent  Power  Systems»  Columbia-North  Pacific  Region 
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Clearwater  No.  2 Pacific  Power  & Light  Co.  1953  32.0  10.8  34  96 
Toketee  Pacific  Pi>wer  6 Light  Co.  1950  44.5  27.9  63  1 ,420 
Fish  Creek  Pacific  Pinker  & Light  Co.  1952  12.4  8.6  70  78 
Slide  Creek  Pacific  Power  & Light  Co,  1931  19.0  12.2  64  0 
Soda  Springs  Pacific  Power  6 Light  Co.  1952  12.0  7.1  59  710 


Typical  operation  of  these  independent  systems  is  as 
follows;  Water  is  stored  in  the  upstream  storage  reservoirs 
during  the  season  of  heavy  runoff  and  is  released  as  needed  to 
meet  system  loads.  Miile  the  seasonal  regulation  pattern  varies 
from  system  to  system,  depending  on  the  natural  streamflow  regime, 
generally  speaking,  it  can  be  said  that  the  operation  of  the 
systems  tend  to  reduce  seasonal  fluctuations  by  reducing  the 
annual  peaks  and  increasing  dry  season  flows.  The  hourly  fluctua- 
tions at  these  plants  are  dependent  on  the  same  factors  as  are  the 
mainstem  Columbia  plants.  At  some  of  the  run-of-river  plants, 
such  as  the  .Spokane  River  plants,  both  hydraulic  capacity  and 
pondage  are  quite  limited,  and  fluctuations  are  comparatively 
small.  At  other  plants,  where  sufficient  pondage  is  available,  it 
has  been  possible  to  install  larger  capacities  and  operate  as 
peaking  pi, ants,  and  as  a result,  hourly  fluctuations  arc  relatively 
high.  However,  to  minimize  fluctuations  downstream,  the  farthest 
downstre.am  plant  usually  serves  as  .a  rercgul.ator  to  damp  out  the 
large  hourly  fluctuations  experienced  at  the  upper  plants.  In  the 
case  of  the  Deschutes  River  system,  a special  reregulating  dam  was 
constructed  below  the  last  downstream  project. 

In  the  future,  these  projects  will  continue  to  operate  more 
and  more  as  peaking  plants  within  the  limitations  of  available 
pondage  and  plant  capacity.  It  is  probable  that  additional 
capacity  will  be  added  at  some  of  these  projects. 


The  Leui$  ffivt/r  hy.in^electrii*  ayetem,  a typi(*al  imU'penJf'nt  aystrm  of  r profvotfi  ilaoifio  Pclm  t' 
4 Light  Co, ). 


Independent  Power  Projects 

Besides  those  projects  includetl  in  the  systems  described 
above,  there  are  a num'r'er  of  small  single-purpose  hydro  projects, 
which  arc  for  all  practical  purposes  hydraul i c;il ly  independent  of 
the  other  hydro  projects  in  the  region  (table  .SO).  These  [irojects 
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arc  usually  run-of-rivcr  projects  with  limited  pondage,  depending 
mainly  on  natural  streamflows  for  energy.  Because  of  the  lack  of 
upstream  storage  and  the  limited  pondage  availaiile,  most  of  the 
plants  were  designed  to  operate  at  high  cap.acity  factors.  ['or  a 
large  part  of  the  year  the  flows  are  sufficient  to  permit  genera- 
tion at  or  near  full  capacity.  During  the  low  flow  periods,  the 
limit<'d  pondage  is  used  to  permit  a certain  amount  of  peaking,  and 
as  a result,  some  hourly  flow  fluctuation  is  exiierienced . A few 
of  the  independent  power  projects  do  have  a substantial  amount  of 
pondage,  which  permits  ailditional  daily  and  weekly  flexibility  in 
power  operations.  lixamples  are  the  C.  .1.  Strike  project  on  the 
tipper  Sn.ake  and  the  IVhite  Uiver  project  in  the  Puget  Sound  Subregion. 
However,  the  amo-nt  of  storage  available  at  most  of  these  projects 
is  so  small  that  they  ilo  not  have  any  significant  effect  on 
seasonal  flow  variations.  Most  of  the  independent  projects  arc 
compar.it  i ve  ly  old,  and  with  a few  exceptions  (Lower  Salmon  and 
Bliss  on  the  tipper  Sn.ake  and  Ivliite  River  in  the  Puget  Sound 
Subregion),  no  provision  has  been  made  for  installing  additional 
capacity.  I'hcrefore,  it  is  not  anticipated  that  any  significant 
change  in  operation  will  occur  in  the  future,  except  at  those  few 
plants  where  additional  capacity  will  be  installed.  However,  some 
projects  may  be  redeveloped,  possibly  as  peaking  plants. 


. , .'zr?,  UK  qk  Hivt'r  in  .k^utht  r^i  I :a^u. 
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I rulcpcMulcn  t I'looJ  (!oiit  r^l  atnl  I r r i i on  Sy, stems  aiul  I’rojects 

I’owcr  f’acilitios  havo  liocn  installcii  at  a number  of  miiltiple- 
inirpose  reservoirs  const  nicted  primarily  for  flood  control  and/or 
irrijtation  (table  SI).  \s  seasonal  operation  of  these  reservoirs 
IS  normally  de|ieiulent  on  their  prim.ary  function,  the  monthly  flow 
f luctu.it  i ons  will  not  he  significantly  affected  by  power  operations. 
However,  within  the  constraints  of  the  conservation  and  flood 
control  operations,  a certain  amount  of  l.ititude  is  available 
within  which  hourly,  daily,  .and  even  weekly  power  regulation  can 
be  accomplished. 

The  high  heads  .avail, ilile  at  some  of  tliese  projects  make 
them  particularly  attr.active  .as  pe.aking  filants.  At  Detroit,  (Ircen 
Peter,  and  Lookout  Point,  flood  control  reservoirs  in  the 
Willamette  Basin,  reregulating  reservoirs  h.ave  been  provided  to 
permit  peaking  operations  without  causing  excessive  downstream 
fluctuations.  Wliere  reregulation  is  not  provided,  tlie  size  of  the 
installation  has  been  limited.  In  .addition,  stipulated  minimum 
rele.ases  and  maximum  rates  of  change  in  release  are  maintained  at 
all  of  the  Will.amette  and  Rogue  River  Basin  flood  control 
reservoi rs . 


l^jkout  .'-xm,  t f^ult  on  tht-  AH;  Mu’rrj)  J . 
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Table  51  • Independent  Flood  Control 
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At  irrigation  reservoirs,  power  generation  is  almost  wholly 
dependent  on  irrigation  release  requirements  during  the  irrigation 
season;  and,  in  some  cases,  a large  part  of  the  generation  thus 
obtained  is  used  for  irrigation  pumping.  As  the  irrigation  release 
demand  is  fairly  steady  during  most  of  the  season,  relatively  little 
fluctuation  is  experienced.  During  the  nonirrigation  season, 
however,  a certain  amount  of  flexibility  in  power  operation  is 
possible,  and  hourly  fluctuations  of  the  type  described  for  the 
mainstem  Columbia  projects  will  be  experienced.  However,  the  flow 
available  for  power  generation  during  the  nonirrigation  season  is 
limited  by  the  need  to  store  water  for  the  subsequent  irrigation 
season . 


Changes  in  the  monthly  and  hourly  fluctuation  patterns  may 
occur  at  these  projects  in  the  future,  but  the  changes  will  be 
related  to  the  nonpower  functions.  At  a few  projects,  however,  it 
is  possible  that  additional  capacity  may  be  added  to  increase  their 
peaking  capability.  Examples  are  Cougar  in  the  Willamette  and 
Palisades  in  the  Upper  Snake  Subregions.  Reregulation  would  be 
required  at  these  plants  to  permit  full  utilization  of  their 
peaking  potential. 


185 


RIHUOr.RAPilY 


1.  Atomic  l;iu'rj;y  Commission,  Nuclear  Reactors  anJ  liarthquakes , 
Technical  Information  Hocument  7024,  August  1903. 

2.  Batte 1 le-Memori al  Institute,  Niic 1 ear  Power  Plant  Siting  in 
the  Pacific  Northwest  for  Bonneville  Power  Administration, 
Richland,  Washington,  -luly  1,  1907. 

3.  Bessey,  Roy  I'.,  Puhlic  Issues  of  Middle  Snake  River  Development , 
Bulletin  No.  9,  Washington  State  Division  of  Power  Resources, 
Olympia,  Washington,  19ol. 

4.  Business  Review,  Wells  I'argo  Bank,  "'llie  World  at  Large," 

• lanuarv'  1907. 

5.  (Canadian  Department  of  l.ncrgy.  Mines  and  Resources,  Inland 
Water  Branch,  Llectric  Power  in  (ainada,  1900,  Ottawa,  1907. 

0.  Columbia  Basin  Inter-Agency  Committee,  Power  Planning 

Subcommittee,  Plant  Data  Sheets  of  Hydroelectric  and  Stcam- 
Llectric  Plants  of  the  Pacific  Northwest,  Portland,  Oregon, 

■Tunc  1900  (rev.  October  31,  1907). 

7.  Columbian,  "Merrill's  Plan  Axed  by  PUD,"  Vancouver,  Washington, 
May  15,  1970. 

8.  U.S.  Department  of  Commerce,  Bureau  of  the  Census,  U.S.  Census 
of  Housing,  Ciovernment  Printing  Office  1900. 

9.  federal  Power  Commission,  Hydroelectric  Power  Resources  of  the 
United  States- 1908,  Washington,  D.  C.,  1968. 

10.  Federal  Power  Commission,  Bureau  of  Power,  Problems  in  Disposal 
of  Waste  Heat  from  Steam  Flectric  Plants,  1970  National  Power 
Survey,  1969. 

11.  U.S.  Department  of  the  Interior,  Bonneville  Power  .Administration, 
System  Power  Study  70-11,  Portland,  Oregon,  1970. 

12.  U.S.  Department  of  the  Interior,  Bonneville  Power  Administration, 
I;  1 ectric  Power  Plants  in  the  Pacific  Northwest  and  Adjacent 
Areas,  December  31,  1909,  Portland,  Oregon,  1970. 

13.  U.S.  Department  of  the  Interior,  Bureau  of  Reclamation, 

Challis  Project,  Idaho,  Boise,  Idaho,  March  1964. 

14.  U.S.  Department  of  the  Interior,  Bureau  of  Rechunation, 

Southwest  Idaho  Water  Development  Project,  Boise,  Idaho, 

•June  1966. 


187 


^1^  PFECEDIN3  PAQS  BLANIUnoT  FIIMED 


15.  Coordinat i nf>  (Iroiiji,  Northwest  Power  Pool,  Pacific  Northwest 
Coord i nat ion  Agreement  Plant  Data,  I’ortland,  Oregon,  1968 
(plus  sup)i lements) . 

16.  Coordinating  Croup,  Nortiiwest  I’ower  Pool,  Nortliwcst  Power 
l^ool  Operations  Keview  for  1968-69,  PortlamT,  Oregon, 

August  1969. 

17.  Lnergy  Staff,  Office  of  Science  and  Technology,  Considerations 
Affecting  Steam  i’ower  Plant  Site  Selection,  Washington,  U.C., 
December  1968. 

18.  Pacific  Northwest  Power  (,'ompany.  Power  Production  Study  of 
Mountain  Sheep  Plan  No.  1 (lixhibit  R-22  before  Federal  Power 
Commission  in  the  matter  of  Pacific  Northwest  Power  Company 
Project  No.  224.5  and  Washington  Pulilic  Power  Supply  System 
i’rojoct  No.  227.5),  Spokane,  Washington,  April  1968. 

19.  Pacific  Northwest  Power  Company,  Application  for  l.icciise  for 
Middle  Snake  River  I l}-droe  lectric  Project,  Fifth  Amendment , 
Spokane,  Washington,  Octol)cr  1969. 

20.  Pacific  Northwest  Utilities  Conference  Committee,  West  Croup 
Forecast  of  Power  Loads  and  Resources,  February  1,  1968. 

21.  Pacific  Northwest  River  Basins  Commission,  Columbia-North 
Pacific  Technical  Staff,  Columbia-North  Pacific  Region 
Comprehensive  l-ramework  Study,  .Appendix  V,  Water  Resources, 
Vancouver,  Washington,  March  1969  (preliminary  draft). 

22.  Pacific  Nortiiwest  River  Basins  Commission,  Power  Planning 
Comm i 1 1 ee , Rev i ew  of  Power  IManning  in  the  Pacific  Northwest, 
Calendar  Year  1968,  Vancouver,  Washington,  1969, 

23.  Pacific  Northwest  River  Basins  Commission,  Power  Planning 
Committee,  Power  Resources  of  Hydroelectric  Projects  witli 
Hydraulic  Operations  Independent  of  the  Columbia  River  System, 
Vancouver,  Washington,  1970. 

24.  Pacific  Northwest  River  Basins  Commission,  Power  Planning 
Commi 1 1 ee , Review  of  Power  Planning  in  the  Pacific  Northwest, 
Calendar  Year  1969,  Vancouvei , Washington,  1970. 

25.  Pacific  Northwest  River  Basins  Commission,  Willamette  Basin 
Task  Force,  Willamette  Basin  Comprehensive  Study  of  Water  and 
Related  hand  Resources--Appendi x J (Power),  Vancouver, 
Washington,  1970. 


188 


J().  Pacific  Nortliwest  River  Basins  (Commission,  Willamette  Basin 
Task  I'orce,  Willamette  Basin  Comprehensive  Study  of  Water  and 
and  Related  Land  Uses,  Appendix  M,  Plan  Formulation,  Vancouver, 
Washington,  1970. 

27.  Pacific  Northwest  River  Basins  (Commission,  Puget  Sound  Task 
Torce,  Puget  Sound  and  Adjacent  Waters,  Comprehensive  Water 
Resource  Study,  Appendix  IX,  Power,  Vancouver,  Washington,  1970. 

2S.  I'acific  Northwest  River  Basins  Commission,  Puget  Sound  Task 
Torce,  Puget  Sound  and  Adjacent  Waters,  Comprehensive  Water 
Resources  Study,  Appendi.x  XV,  Plan  lormulation,  Vancouver, 
Washington,  1970. 

29.  Starr,  Ta liman,  and  luller,  (Coordination  of  Large  Nuclear 
Power  IMants  with  Pacific  Northwest  Hydro  System,  Proceedings 
of  the  American  I’ower  (Conference,  Vol.  31,  p.  773,  1969. 

30.  II. S.  Army,  Corps  of  TCngineers,  The  Columbia  River,  House 
Document  531,  81st  Congress,  2nd  Session,  1950. 

31.  II. S.  Army,  Cory's  of  (engineers.  Middle  Snake  River,  Senate 
Document  51,  84th  (Congress,  1st  Session,  1955. 

32.  IJ.S.  Army,  (Corps  of  TCngineers,  Walla  Walla  District, 

LI.S.  Denartment  of  the  Interior.  Bureau  of  Reclamation, 

Region  1,  Upper  Snake  River  Basin,  Volume  I,  Summary  Report, 
Walla  Walla,  Washington,  1961. 

33.  D.S.  Army,  (Corps  of  (engineers,  (Columbia  River  and  Tril^utaries 
House  Document  403,  87tli  (Congress,  2nd  Session,  1962. 

34.  IJ.S.  Army,  Corps  of  engineers.  Power  Plant  Studies,  Dworshak 
Dam  and  Reservoir  (Supplement  No.  2 to  Design  Memorandum 

No.  3),  Walla  Walla,  Washington,  November  1964. 

35.  U.S.  Army,  Corps  of  (engineers.  North  Pacific  Division, 

Columbia  Basin  Power  Pondage  Studies,  Part  1,  1985  Conditions , 
Portland,  Oregon,  September  1965. 

36.  U.S.  Army,  Corps  of  engineers,  North  Pacific  Division, 

System  Power  Study  CT- 1-1980,  Portland,  Oregon,  1967. 

37.  U.S.  Army,  (Corps  of  engineers,  North  Pacific  Division, 

System  I’ower  Study  CT- 13- 1990,  I’ortland,  Oregon,  1967. 

38.  11. S.  Army,  (Coiyis  of  (engineers.  Memorandum  Report  on  Clark  I'ork 
Basin,  Montana,  for  the  Tedcral  Power  Commission,  Seattle, 
Washington,  September  1967. 


189 


39. 


II. S.  Army,  Corps  of  Engineers,  Walla  Walla  District, 

Upper  Snake  River,  Interim  Report  No.  6,  Lucky  Peak 
Powerplant  and  Twin  Springs  Dam  and  Reservoir,  Walla  Walla, 
Washington,  March  1968. 

40.  II. S.  Army,  Corps  of  Engineers,  Snoqualmie  River,  Washington, 
.Seattle,  Washington,  March  1968. 

41.  U.S.  Army,  Corps  of  Engineers,  North  Pacific  Division, 
Pumped-Storage  Potential  of  the  Pacific  Northwest 
[preliminary  draft)  Portland,  Oregon,  October  1968. 

42.  U.S.  Army,  Corps  of  Engineers,  Ben  Franklin  Lock,  Dam  and 
Reservoir,  Seattle,  Washington,  1969. 

43.  U.S.  Army,  Corps  of  Engineers,  North  Pacific  Division, 

System  Power  Study  NP-5-2010,  Portland,  Oregon,  1969. 

44.  U.S.  Army,  Corps  of  Engineers,  North  Pacific  Division, 
Hydraulic  Capacities  of  Columbia  and  Snake  River  Hydroelectric 
Plants , December  5,  1969. 

45.  U.S.  Army,  Corps  of  Engineers,  North  Pacific  Division, 

System  Power  Study  NP-6-2010,  Portland,  Oregon,  1970. 

46.  U.S.  Army,  Corps  of  Engineers,  North  Pacific  Division, 

System  Power  Study  NP-7-1980,  Portland,  Oregon,  1970. 

47.  U.S.  Army,  Corps  of  l;ngineers.  North  Pacific  Division, 

System  Power  Study  AOP  1975-76,  Portland,  Oregon,  1970. 

48.  Washington  Public  Power  Supply  System,  .Amended  Application 
for  License,  Nez  Perce  Project,  Kennewick,  Washington, 

August  19,  1960. 

49.  Water  Resources  Council,  Cuidelines  for  Eramework  Studies, 
Washington,  D.  C. , October  1967. 

50.  Zeller,  Robert  W.,  et  al,  A Survey  of  Thermal  Power  Plant 
Cooling  Facilities,  Pollution  Control  Council,  Pacific 
Northwest  Area,  April  1969. 


190 


GLOSSARY 


APPLIANCE  SATURATION  - Ratio  of  the  number  of  homes  using  a specific 
appliance  to  the  total  number  of  homes. 

AVERAGE  MEGAWATI'  - A unit  of  average  energy  output  over  a specified 
time  period  (total  energy  in  megawatt-hours  divided  by  the 
number  of  hours  in  the  time  period). 

BASE  LO.AD  - See  Load,  Base. 

Bl.OWOOh'N  - Water  drawn  from  boiler  systems  and  cold  water  basins 

of  cooling  tower.s  to  prevent  buildup  of  solids  concentrations. 
Usually  contains  chemicals  used  for  p!l  adjustment  and  slime 
control . 

BRITISH  THERMAL  UNIT  (Btu)  - The  standard  unit  for  measurement  of 
the  amount  of  heat  energy,  such  as  the  heat  content  of  fuel. 
Equal  to  the  .imount  of  heat  energy  necessary  to  raise  the 
temperature  of  one  pound  of  water  one  degree  Eahrenheit. 

CAPABILITY  - The  maximum  load  which  a generator,  turbine,  power 
plant,  transmission  circuit,  or  power  system  can  supply 
under  specified  conditions  for  a given  time  interval  without 
exceeding  approved  limits  of  temperature  and  stress. 

Maximum  Plant  Capability  (Hydro)  The  maximum  load  which  a 
hydroelectric  plant  can  supply  under  optimum  head  and 
flow  conditions  witliout  exceeding  approved  limits 
of  temperature  and  stress.  This  may  be  less  than  the 
overload  rating  of  the  generators  due  to  encroachment 
of  tai  Iwater  on  head  at  higli  discharges. 

I’eaking  Capability  - The  maximum  peak  load  that  can  be 

supplied  by  a generating  unit,  station,  or  system  in  a 
stated  time  period.  For  a hydro  project  the  peaking 
capability  would  be  equal  to  the  maximum  plant  capa- 
bility only  under  favorable  pool  and  flow  conditions, 
often  the  peaking  capability  may  be  less  due  to  reser- 
voir drawdown  or  tai Iwater  encroachment. 

Ultimate  Plant  Capability  (Hydro)  - The  maximum  plant  capa- 
bility of  a hydroelectric  plant  when  all  contemplated 
generating  units  have  been  installed. 
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CAPACITY  - The  load  for  which  a generator,  trrnsmission  circuit, 
power  plant,  or  system  is  rateil.  Capacit>-  is  also  used 
synonymously  with  capability. 

Dependable  Capacity  - The  load-carrying  ability  of  a station 
or  system  under  adverse  conditions  for  the  time  interval 
and  period  specified  when  related  to  the  characteristics 
of  the  load  to  be  supplied,  lor  hydro  projects  the 
term  refers  to  the  capability  in  the  most  adverse  month 
in  the  critical  period--. January  19.'^2  in  the  case  of  the 
1928-32  critical  period. 

Firm  Capacity  - (Capacity  whicii  has  assured  availability  to 
the  customer  on  a demand  basis.  System  firm  capacity 
consists  essentially  of  hydro  system  dependable  capacity 
plus  thermal  plant  installed  capacity  plus  firm  imports 
minus  maintenance  and  forced  outage  reserves. 

Hydraulic  Capacity  - The  maximum  flow  which  a hydroelectric 
plant  can  utilize  for  power  generation. 

Installed  (Capacity  - Same  as  nameplate  capacity  unless 
otherwise  specified. 

.Nameplate  Capacity  - The  nominal  rated  capacity  of  a 

generating  unit  or  other  similar  apparatus.  The  term 
gives  an  indication  of  the  approximate  generating  capa- 
bility of  the  unit,  but  in  many  cases  the  unit  is  capabl 
of  generating  on  a continuous  basis  substantial ly  more 
than  the  nameplate  capacity  (sec  Overload  Capacity, 
be  low) . 

Overload  Capacity  - Ihe  maximum  load  that  a machine, 

apparatus,  or  device  can  carry  for  a specified  period 
of  time  under  specified  conditions  when  operating  beyond 
its  nameplate  rating  but  within  the  limits  of  the  manu- 
facturer's guarantee  or,  in  the  case  of  expiration  of 
the  guarantee,  within  safe  limits  as  determined  by  the 
owner.  For  example,  most  of  the  generators  installed 
in  the  region's  newer  hydroelectric  jilants  have  a 
continuous  overload  capacity  of  ll.S  percent  of  the 
nameplate  capacity. 

Peaking  Capacity  - Same  as  Peaking  Capability. 

Reserve  Capacity  - Fxtra  generating  capacity  available  to 
meet  unanticipated  demands  for  power  or  to  generate 
power  in  the  event  of  loss  of  generation  resulting  from 
scheduled  or  unscheduled  outages  of  regularly  used 
generating  capacity. 
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CAtVXCITY  lAC'TOI^  - The  ratio  of  the  average  load  on  the  generating 
plant  for  the  period  of  time  considered  to  the  capacity 
rating  of  the  plant.  Unless  otlierwise  identified,  capacity 
factor  is  computed  on  an  annual  liasis.  In  this  Appendix, 
the  capacity  factor  of  a hvdro  plant  is  based  on  maximum 
plant  capability  and  assumed  load  equal  to  the  average 
annual  energy. 

C'  1 R(!lll.A'l'  1 N(I  W.A I’bU  - See  (!ondenser  cooling  water.  In  a closed- 

cycle  cooling  system,  this  refers  to  the  heated  wiater  from 
the  condenser  which  is  cooled,  usually  by  evaporative  means, 
and  recycled  througli  the  condenser. 

CO.NIHi.NSl.R  COOl.l.N't'j  KAi'liR  - Water  required  to  condense  the  steam 
after  its  discharge  from  a steam  turl)inc. 

C!ON\’liN"l'l ON.Al.  IlYDROtlLHCTRlC  PI.,\N'T  - A hydroelectric  power  plant 

which  utilizes  streamflow  only  once  as  it  passes  downstream, 
as  opposed  to  a pvimped- storage  plant  which  recirculates  all 
or  a portion  of  the  streamflow  in  the  production  of  power. 

C'OOLl.N'G  W'ATHR  CO.N'SUMPi'lO.N'  - The  cooling  water  withdrawn  from  the 
source  supplying  a generating  plant  which  is  lost  to  the 
atmosphere.  Caused  primarily  by  evaporative  cooling  of  the 
lieated  water  coming  from  the  condenser.  The  amount  of 
consumption  (loss)  is  dependent  on  the  type  of  cooling 
cmployed'-direct  (once-through ) cooling  pond,  or  cooling 
tower.  Wlien  not  returned  to  the  source  of  supply,  blowdown 
is  also  included  as  a consumptive  loss. 

COOLING  WATbR  LOAD  - Waste  heat  energy  dissipated  by  the  cooling 
water. 


C!00I.1NC  W’ATLR  RLQUlRLMliNT  - The  amount  of  water  needed  to  pass 

through  the  condensing  unit  in  order  to  condense  the  steam 
to  water.  This  amount  is  dependent  on  the  type  of  cooling 
employed  and  water  temperature. 

COORD INATF.D  COLOMBIA  RIVLR  SYSTKM  - Contractually,  the  system  of 
hydroelectric  projects  located  on  the  Columbia  River  and 
major  tributaries  which  are  operated  together  on  a coordinated 
basis  under  the  terms  of  the  Pacific  Northwest  Coordination 
Agreement.  The  term  is  sometimes  used  in  a more  general 
sense  to  include  also  tliose  projects  which  are  operated  by 
utilities  not  participating  in  the  Coordination  Agreement. 

COORD  1 NATION  ACRKliMl-NT  - See  pages  31-34. 

CRITICAL  PFRIOl)  - Period  when  the  limitations  of  hydroelectric 

power  supply  due  to  water  conditions  are  most  critical  with 
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respect  to  system  energy  requirements.  !-or  a discussion  of 
the  critical  period  as  it  applies  to  the  regional  hydro- 
electric system,  refer  to  page  135. 

CRITICAI.  WATiiK  Yf.AK  - A term  sometimes  used  interchangeably  with 
Critical  Period  when  the  critical  period  falls  within  one 
operating  year.  The  term  will  lose  all  significance  when 
the  system  moves  into  a multi-year  critical  period  (see 
page  15(>)  . 

UliNlAND  - The  rate  at  which  electric  energy  is  delivered  to  or  by  a 
system  at  a given  instant  or  averaged  over  any  designated 
period  of  time,  expressed  in  kilowatts  or  other  suitable 
units . 

DRAWPOWN  - ihe  distance  that  the  water  surface  of  a reservoir  is 
lowered  from  a given  elevation  as  the  result  of  the  with- 
drawal of  water.  In  specific  cases  in  this  Appendix,  draw- 
down may  refer  to  the  maximum  drawdown  for  power  operation, 
from  normal  full  pool  to  minimum  power  pool.  Sometimes 
drawdown  is  also  expressed  in  terms  of  acre- feet  of  storage 
w i tlidrawn . 

ELUCTRO- PROCF.SS  1 NIUIS I'RY  - An  industry  which  requires  very  large 

amounts  of  electricit>'  in  manufacturing  for  heat  or  chemical 
processes  (as  distitiguished  from  wheel-turning  or  mechanical 
applications).  Examples  are  electric  furnace  steel,  aluminum, 
and  chlorine. 

E.N'ERdY  - rhat  whicli  does  or  is  cajialile  of  doing  work.  It  is  measured 
in  tenns  of  the  work  it  is  capable  of  doing;  electric  energy 
is  commonly  measured  in  kilowatt-hours  or  average  megawatts. 

Average  Annual  Energy  - Average  annual  energy  generated  by 
a hydroelectric  project  or  system  over  a specified 
period.  In  the  Pacific  Northwest  the  average  output  of 
most  projects  is  based  on  the  historical  flows  experi- 
enced during  the  period  11)28-58,  as  modified  by  appro- 
priate irrigation  depletions. 

firm  Energy  - lilectric  energy  which  is  considered  to  have 
assured  availability  to  the  customer  to  meet  all  or  any 
agreed  upon  portion  of  his  load  requirements.  Firm 
energy  is  based  on  certain  specified  probability 
considerations,  wliich,  in  the  Pacific  Northwest,  arc 
related  to  the  11)28-58  sequence  of  historical  streamflows 
adopted  for  making  system  power  regulations.  System 
firm  energy  capability  includes  hydro  system  prime 
energy,  thermal  plant  energy  capabilities,  and  firm 
imports . 
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Prime  [inorgy  - Hydroelectric  energy  which  is  assumed  to  be 
available  100  percent  of  the  time:  specifically,  the 
average  energy  generated  during  the  critical  period. 

Secondary  l.nergy  - Ml  hydroelectric  energy  other  than 
prime  energy:  specifically,  the  difference  between 
average  annual  energy  and  prime  energy. 

Usable  f.nergy  - Ml  hydroelectric  energy  which  can  be  used 
in  meeting  system  firm  and  secondary  loads.  In  the 
early  years  of  this  study,  it  is  possible  that  there  may 
not  be  a market  for  all  of  the  secondary  energy  which 
could  be  generated  in  years  of  abundant  water  supply 
and  some  of  tiu'  water  may  have  to  be  diverted  over 
project  spillways  ;ind  the  energy  wasted. 

li.MiRGV  CONTliXT  CURVf.  - A seasonal  guide  to  the  use  of  reservoir 

storage  for  at-site  and  downstream  power  generation.  It  is 
based  on  the  following  constraints:  (1)  Puring  drawdown 
sufficient  storage  shall  remain  in  the  reservoir  to  insure 
meeting  its  share  of  the  system  firm  energy  requirements  in 
the  event  of  critical  period  water  conditions,  (2)  Draft  of 
storage  for  secondar\’  energy  production  is  permitted  only 
to  tlic  extent  that  it  will  not  jeopardize  reservoir  refill  by 
the  eiul  of  the  coming  July.  Drafting  lielow  the  assured  refill 
level  is  permitted  only  if  required  to  meet  firm  energy  loads 
or  if  such  draft  is  secured  In'  a commitment  to  return  energy 
equivalent  to  the  drafted  water  if  refill  is  not  otherwise 
accompl ished. 

liNliRGY  DliMXND  - See  Demand. 

URM  - Assured. 

I'lRM  LOAD  GARRY  I \G  GAPABll.lTY  (I'l.CC!)  - I'he  firm  load  that  a system 

could  carry  under  coordinated  operation  under  critical  period 
streamflow  conditions  with  the  use  of  all  reservoir  storage 
(refer  to  page  3.S)  . More  specific  terms  are  firm  Pnergy 
Load  (Carrying  Capability  (flJ.CC)  and  firm  Peak  l.oad  Carrying 
Capability  (fPI.CC)  . The  general  term  refers  collectively  to 
both . 

FORK BAY  - The  impoundment  immediately  above  a dam  or  hydroelectric 
plant  intake  structure. 

fossil.  FHKl.S  - Coal,  oil,  natural  gas,  and  other  fuels  originating 
from  fossilized  geologic  deposits  and  depending  on  oxidation 
for  release  of  energy. 
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(JtiNhRyVI  lUN  - I'he  act  or  process  of  producing  electric  energy  from 
other  forms  of  energy;  also  tlie  amount  of  electric  energy 
so  ])roduced. 

GKIAWAIT  - One  million  kilowatts. 

iii:ai) 

dross  Head  - The  difference  of  elevations  between  water 
surfaces  of  the  forehay  and  tailrace  under  specified 
conditions.  In  this  Appendix,  gross  head  generally 
refers  to  the  difference  between  normal  full  pool  and 
average  tai Iwater. 

Net  Head  (liffective  Head)  - Ilie  gross  head  less  all 

hydraulic  losses  except  those  chargeable  to  the  turbine. 

Hl'Ai  RfVrii  - A measure  of  generating  station  thermal  efficiency, 

generally  expressed  as  Btu  per  (net)  kilowatt-hour.  It  is 
computed  by  dividing  the  total  Btu  content  of  the  fuel 
burned  (or  of  heat  released  from  a nuclear  reactor)  by  the 
resulting  net  kilowatt-hours  generated. 

HYDR.Alll.U:  CAPAdlY  - .See  Capacity,  Hydraulic. 

IN1)HP1:N1H:NT  R1:S01I1U:i:S  (llYDUOlil.bCTim:)  - The  hydroelectric  projects 
of  the  region  which  are  not  included  in  the  Coordinated 
(Columbia  River  System  (see  page  1.15)  . 

IMPORTS  - Power  imported  from  outside  the  Columbia-North  Pacific 
Region  system  being  considered,  in  this  Appendix. 

INiT-.RTlb  - See  Transmission  Interconnection. 

K 1 1.OWATT  (kw)  - The  electrical  unit  of  power  which  equals  1,000 
watts  or  1.341  horsepower. 

KI I.OWATT-IIOUR  (kwh)  - The  basic  unit  of  electrical  energy.  It 
equals  one  kilowatt  of  power  applied  for  one  hour. 

1,0 AD  - The  amount  of  power  delivered  to  a given  point. 

Base  Toad  - The  minimum  load  in  a stated  period  of  time. 

Firm  Toad  - That  part  of  the  system  load  which  must  be  met 
with  firm  power. 

Peak  l.oad  - Titerally,  the  maximum  load  in  a stated  period 
of  time.  Sometimes  the  term  is  used  in  a general 
sense  to  describe  that  portion  of  the  load  above  the 
base  load. 


LOAD  IHVr.RSlTY  - Literally  refers  to  the  difference  between  (IJ  the 
sum  of  the  separate  peak  loads  of  two  or  more  load  areas  and 
(2)  the  actual  coincident  peak  load  of  the  combined  areas. 

As  used  in  this  Appendix,  the  term  applies  to  the  load 
diversity  between  two  load  areas  which  occurs  when  their 
annual  peak  loads  occur  in  different  seasons  of  the  year. 

LOAD  t-AC!T».)R  - The  ratio  of  the  average  load  over  a designated 

period  to  the  peak  load  occurring  in  that  period.  In  this 
Ajijiendix  the  term  applies  to  annual  load  factor  unless 
otherwise  specified. 

l.OAH  SIIAPi:  (LOAD  PATT1:K.\)  - The  cliaracteristic  variation  in  the 
magnitude  of  tlie  power  load  with  respect  to  time.  This 
can  be  for  a daily,  weekly,  or  annual  period. 

l.O.SSL.S  (Ll.liCTRIC  SVSiTiM)  - i'otal  electric  energy  loss  in  the 

electric  system.  It  consists  of  transmission,  transformation, 
and  distribution  losses  and  unaccounted-for  energy  losses 
between  sources  of  supply  and  points  of  deliverv’. 

MtiGAWAiT  (mw)  - One  thousand  kilowatts 

MliGAWATT-IIOllIl  (mwh ) - One  thousand  kilowatt-hours. 

.NORMAL  FULL  POOL  - The  maximum  forebay  water  surface  elevation 
within  the  reservoir's  normal  operating  range. 

NORTHWLST  POWLR  POOL  - See  page  27. 

PAGIFIC  NOKTHKLST  COOK  1)1. VAT  I ON  AGR1;LMT..\T  - See  pages  31-54. 


PT.AK  LOAD  - See  Load , Peak . 

PliAk I NG  - Power  plant  operation  to  meet  the  variable  portion  of 
the  daily  load.  See  Load,  Peak. 

P LA KING  PLANT  - A power  plant  which  is  normally  operated  to 

provide  all  or  most  of  its  generation  during  maximum  load 
periods . 

PLNSTOCK  - A conduit  to  carry  water  to  the  turbines  of  a hydro- 
electric plant  (usually  refers  only  to  conduits  which  are 
under  pressure) . 

PLANT  TAGTOR  - Same  as  Capacity  Factor. 

PONOAGL  - Reservoir  power  storage  capacity  of  limited  magnitude 

that  provides  only  daily  or  weekly  regulation  of  streamflow. 


197 


I’OW'liU  - riu'  time  rate  of'  t ransferri  ng  enerj;y.  Notc--rhe  term  is 

t'rec)iient  ly  used  in  a liroad  sense,  as  a commodity  of  capacity 
and  enerj;y,  Itaving  only  j>eneral  association  witli  classic  or 
scientific  meaning. 

firm  I'ower  - Power  which  is  considered  to  have  assured 

availability  to  the  customer  to  meet  all  or  any  agreed 
u]ion  portion  of  his  load  requirements.  It  is  firm 
energy  supported  by  sufficient  capacity  to  fit  the  load 
jiattern.  Ihe  availability  of  firm  power  is  based  on 
the  same  jirobabi 1 i ty  considerations  as  is  firm  energy. 

Interruptible  Power  - Nonfirm  power;  [lower  made  available 
under  agreements  which  permit  curtailment  or  cessation 
of  delivery  by  the  siqqilier.  In  the  Pacific  Northwest, 
i nterru[it  it)  le  jiower  loads  are  met  with  secondary  hydro 
enei-gy . 


Prime  I'ower  - I’rime  energy  slia|ied  to  fit  the  regional  load 
pattern . 

Secondarx’  Power  - Same  as  Secondary  bnergy. 

POWliR  l)l:MA.\'l)  - See  Hcmand. 

POlVliR  SUPPl.y  ARliA  - (leographic  grouping  of  electric  power  supplies 
as  estal'lished  l>>’  the  Federal  Power  Commission  in  accordance 
with  utilitx-  service  areas. 

PlIMPlil)  S rOR.'M'ih  PI..\Ni'  - A liytlroe  lect  ri c [lower  plant  which  generates 
electric  energy  for  [leak  load  use  by  utilizing  water  pum[ied 
into  a storage  reservoir  during  off-peak  periods.  Refer 
also  to  [lages  8.S-87. 

Rb(  il  1 1 .A'l  1 ON  ( I ly  il  roe  1 e c t r i c Sys  tern)  - See  pages  134-135. 

RliRbCiUl.AriNCi  RI.SliRVOl R - A reservoir  located  downstream  from  a 
hydroelectric  [leaking  [ilant  having  sufficient  pondage  to 
store  the  wiilely  fluctuating  discharges  from  the  peaking 
plant  and  release  them  in  a relatively  uniform  manner 
down St  roam. 

RhRhClll.ATOR  - See  Reregulating  Reservoir. 

RhSliRVliS 

Reserve  Cenerating  Capacity  - See  Capacity,  Reserve. 

Spinning  Reserve  - (ienerating  capacity  connected  to  the 

bus  and  ready  to  take  load.  It  also  includes  ca[iacity 
available  in  generating  units  which  are  operating  at 
less  than  their  capability. 
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System  Reserve  Capacity  - The  difference  between  the  avail- 
able dependable  capacity  of  the  system,  including  net 
firm  power  purchases,  and  the  actual  or  anticipated 
peak  load  for  a specified  period. 

RULb  CURVT.  - A seasonal  guide  to  the  use  of  reservoir  storage. 

RUN-OT-C'ANAL  PLANT  - A hydroelectric  plant  similar  to  a run-of-river 
plant  but  located  on  an  irrigation  canal  or  waterway  instead 
of  a stream. 

RU.\'-0T-R1\T!R  IM.AN'I'  - A hvilroe  1 ect  r i c plant  which  depends  chiefly 
on  the  flow  of  a stream  as  it  occurs  for  generation,  as 
opposed  to  a storage  project,  wiiich  has  sufficient  storage 
capacity  to  carr>’  water  from  one  season  to  another.  Some 
run-of-river  projects  have  a limited  storage  capacity 
(pondage)  which  permits  them  to  regulate  streamflow  on  a 
daily  or  weekly  basis. 


STORACH 

Dead  Storage  - I'he  volume  of  water  remaining  in  a reservoir 
after  all  of  the  usable  storage  has  been  withdrawn. 

Gross  (lot all-  I'he  total  volume  of  water  in  a reservoir  at 
normal  full  pool. 

Seasonal  Storage  - Water  held  over  from  the  annual  high- 
water  season  to  the  following  low-water  season. 

Usable  Storage  - The  volume  of  storage  in  a reservoir  which 
can  be  withdrawn  for  various  conservation  purposes  (gross 
storage  minus  dead  storage).  As  used  in  this  Appendix 
the  term  refers  to  storage  which  can  be  withdrawn  either 
jointly  or  exclusively  for  power  generation. 

STORAGb  PRO.lbCr  - A project  with  a reservoir  of  sufficient  size  to 
carryover  from  the  high-flow  season  to  the  low-flow  season 
and  thus  to  develop  a firm  flow  substantially  more  than  the 
minimum  natural  flow.  A storage  project  may  have  its  own 
power  plant  or  may  be  used  only  for  increasing  generation 
at  downstream  plants. 

TAl  l.WATHR  - The  water  surface  immediately  downstream  from  a dam  or 
Rydroelect  ri  c powerjilant. 

TUliRMAI.  PLANT  - A power  generating  plant  which  uses  heat  to  produce 
energy.  Such  plants  may  burn  fossil  fuels  or  use  nuclear 
energy  to  produce  the  necessary  thermal  energy. 
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TRANSMISSION  GRID  - An  interconnected  system  of  electric  transmission 
lines  anil  associated  e(|uipment  for  the  movement  or  transfer 
of  electric  energy  in  bulk  between  points  of  supply  and 
points  of  demand. 

TRANSMISSION  INTbRCONNhCTlON  (INTIRTli:)  - Transmission  circuit  used 
to  tie  or  interconnect  two  load  areas  or  two  utility  systems. 

ULTINtVTT.  DIA'KLOPW  Nj  - maximum  contemplated  generating 

installation  at  a power  plant. 


The  following  references  were  used  in  the  preparation  of 
the  glossary. 

1.  (’o  1 umh i a-Nort h Pacific  Technical  Staff,  Glossary:  C.olumbia- 
North  Pacific  I ramework  Study  (Publication  C-NP  11), 

Deceml'er  l'.)»>7,  Vancouver,  Washington 

2.  lederal  Power  Commission,  C, lossary  of  Important  Power  and  Rate 
Terms,  Abbreviations,  and  Units  of  Measurement  (Prepared  under 
the  direction  of  the  Inter-Agency  Committee  on  Water  Resources 
and  promulgated  by  the  Federal  Power  Commission).  l‘.)(>5, 
Washington,  l>. 

3.  Northwest  Power  Pool,  Glossary  of  Terms  Used  in  Coordinated 
ilperat  i on , .January  1959,  Portland,  Oregon 

4.  Pacific  Northwest  Coordination  Agreement,  Agreement  for 
Coordination  of  Operations  Among  Power  Systems  of  the 
t^cific  Northwest,  September  19b4,  Portland,  Oregon 

The  largest  share  of  tlie  definitions  were  drawn  from  the  Federal 
Power  Commission  glossary,  but  in  a number  of  cases  these  definitions 
had  to  be  modified  or  supplemented  to  reflect  regional  usage  of  the 
terms . 
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PARTICIPATING  STATICS  AND  AGENCIF.S 


STATES 


Idaho  Nevada  Utah  Wyoming 

Montana  Oregon  Washington 

FEDERAL  AGENCIES 


Department  of  Agriculture 
Economic  Research  Service 
Forest  Service 
Soil  Conservation  Service 
Department  of  the  Army 
Corps  of  Engineers 
Department  of  Commerce 
Economic,  Development 

Administration 
Weather  Bureau 
Dept,  of  Health,  Education, 
S Welfare 

Public  Health  Service 
Dept,  of  Housing  & Urban 
Development 

Dept,  of  Transportation 


Department  of  the  Interior 
Bonneville  Power 

Administration 
Bureau  of  Indian  Affairs 
Bureau  of  Land  Management 
Bureau  of  Mines 
Bureau  of  Outdoor  Recreation 
Bureau  of  Reclamation 
Fed.  Water  Pollution 
Control  Adm. 

Fish  and  Wildlife  Service 
Geological  Survey 
National  Park  Labor 
Department  of  Labor 

Federal  Power  Commission 


